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PREFACE. 



The present work is a translation of the third edition of Die Petroleum- und 
Benzinmotoren, which in Germany constitutes a handbook widely read by all 
persons interested in the construction or the working of stationary and 
automobile engines using liquid-fuel. 

The author, as will be seen, deals exhaustively with the subject : com- 
mences with descriptions of the liquid • fuels available, leads up to the 
construction of the various types of engines, with explanations on their 
component parts, the functions of the latter, and concludes with very com- 
plete notes on the troubles which may occur with even the best regulated 
engines, the causes of such troubles, and the various means of rectifying them. 

In the same way as wonders have been wrought with the electric current, 
it being impossible to define what electricity exactly is, a great deal has been 
accomplished with liquid fuel, petrol especially, an essence of crude mineral 
oil — petroleum — of which it is very difficult to say more than that it is the 
result of a very complete natural distillation of some original substance or 
substances, carried out during a very lengthy period. 

The adjective " mineral " in a preface to the present book forms more or 
less of a misnomer, for the author is of the opinion that petroleum is the 
result of a natural distillation of animal matter. This, as is well known, is 
a much disputed point, and there are many experts who entertain the theory 
that petroleum is a result of the decomposition of vegetable remains, while 
others, quite as numerous, believe it to be due to the natural reaction of 
gases upon minerals, the process in the latter case being, if we may so term 
it, a volcanic one. The formation of a definite opinion on this point is 
further complicated by the fact that the chemical composition of petroleum 
from various sources shows many distinctive characteristics. The author is 
therefore quite justified in putting forward his theory : it has as many points 
in its favour as the two others. 

It should be remarked here that the Continental appellations for oil fuels 
do not correspond in every case to those in use in this country — petrol, on the 
Continent, meaning very generally the refined oil and not the distillate. Con 
tinental firms often add to the word "petrol" the qualificative "oil" or 
"essence," which serves as a rough guide when the specific gravity is not stated. 

In the names given to the derivatives of both petroleum and tar, there 
is also a lack of consistency between the practice of different countries in 
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VI PREFACE. 

clearly discriminating between paraffin, refined petroleum oil, and crude oil. 
In the present translation, most of the terms used are those employed, for 
instance, in the Report of the Fuels Committee of the Motor Union of Great 
Britain and Ireland, the hope being entertained that by adopting recognised 
standards their meaning will be correctly interpreted. 

Whatever may be the origin of crude petroleum, its supply is far from 
being inexhaustible ; progress in the matter of internal combustion engines 
will lie in increasing the amount of power to be obtained from a given quantity 
of liquid-fuel. But it will lie more especially in the greater adaptation of 
these engines to the use of alcohol, and the author is right in surmising that 
the agriculture of the future will be devoted to the growing, in constantly 
increasing proportions, of plants and fruits from which concentrated fuels 
may be obtained. 

London, October 1908. 
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OIL MOTORS. 



CHAPTER I. 
THE ORIGIN AND EXTRACTION OF LIQUID FUELS. 

(a) Crude Petroleum and its Distillates. 

Crude petroleum, which has been known from very remote times by the 
names of rock oil, mineral oil, or naphtha, is found in many parts of the 
world. In some places it wells forth naturally at the surface, but more 
generally it can only be obtained by employing some such means as boring. 
It is an oily liquid, having a disagreeable and penetrating odour. It is 
dark-yellow, brown, or grey in colour, according to the district whence it 
is obtained, and it has, in addition to its colour, a characteristic blue or 
greenish fluorescence. 

The largest quantities of crude petroleum are procured from fields in 
North America (e.g. the Pennsylvanian and Canadian fields, etc.) and in 
Russia, where large fields exist in the provinces bordering on the Caspian 
Sea. Several other sources of supply are known and worked, as, for 
instance, in Galicia, Roumania, and in the provinces of Hanover and Elsass 
(Pechelbronn), in Germany, but these are of less importance. 

In 1879-1880 it was thought that oil-fields, as large and important as 
any existing in America or Russia, had been discovered in the small town 
of Peine, about eighteen miles to the east of Hanover. Several wells, giving 
each a large output, were tapped within a very short time of each other, 
but they rapidly became exhausted, and the bright prospects of large profits 
vanished. The discovery, a few years ago, of petroleum near the small river 
Wietze, put new life into the Hanoverian oil industry ; and although, in this 
instance, the supply appears to be of a more lasting nature than that worked 
in Peine, this field in no way compares with those in America or Russia. 
It should be noticed in this connection also, that the Hanover petroleum 
district does not consist of one extensive basin. The formation contains 
faults which result in the supply being cut up, and to this fact will be due 
its exhaustion, at a more or less rapid rate, according to circumstances. 
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Petroleum was formerly considered to be the product of a process of dry 
distillation, under pressure, of vegetable matter. Later researches, however, 
suggest that its origin is to be traced to the animal kingdom, and that it 
really results from a distillation of animal matter. 

Experiments have shown that by the distillation, under great pressure, of 
animal fats, a product is obtained which is similar in all respects to crude 
petroleum. It may now also be taken as proven that petroleum is not one 
variety or example of a large class, but that it is the original matter 
from which all bituminous substances are derived. Mineral tar, ozokerite, 
asphalt, and other similar natural products, known as bituminous substances, 
have, without doubt, been formed from petroleum, partly by the evaporation 
of volatile components and their combination with the oxygen of the air. 
This is shown to be the case by the existence of mineral tar in close 
proximity to the petroleum fields in Russia, of ozokerite in Galicia, and of 
asphalt in the proviuce of Hanover. 

It may seem extraordinary that local accumulations of animal remains 
should have occurred in sufficient quantities to form oil-fields of such extent 
and productiveness as are now known to exist, but this can, as a matter of 
fact, easily be explained. It should be remembered that salt-beds are 
always encountered in proximity to petroleum fields. This fact points to 
the presence of former salt-water basins, and one may therefore conclude, with 
little fear of error, that the animal life of these salt water basins has served 
to form the local petroleum deposits. Owing to the gradual recession of 
these seas, and to the formation of bars, the living creatures in these waters 
would, it is natural to suppose, be cut off from other seas and larger basins, 
and they probably perished in large quantities. 

As already mentioned, crude petroleum has been known from a very early 
period. It is referred to in the Bible. It has been known in Germany for 
centuries, and in the neighbourhood of the township of Peine, there is still 
prevalent an old custom - of digging holes out in the open fields in order 
to obtain oil, which collects in the form of a thick liquid, and is used 
by the people of the neighbourhood for lubricating their carts, greasing 
shoes, etc. 

The rise of the petroleum industry is, however, of comparatively recent 
date. The first tube- well was sunk in 1859, at Titusville, Pennsylvania, and 
this was the first application of what proved to be the correct method of 
obtaining crude oil in large quantities. When, subsequently, the process of 
distilling the crude oil and of removing its extremely unpleasant odour had 
been introduced and perfected, the petroleum industry could truly be said to 
have been founded. The rapidity with which the use of American refined 
petroleum became general all over the world, for lighting purposes, was quite 
phenomenal. It is probably no exaggeration to say that the refined 
petroleum lamp was in use in every village throughout the whole world in 
less than ten years from the time of the first successful boring operations 
conducted in the development of oil-fields. 
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In composition, crude petroleum is a hydrocarbon mixture of liquid 
gaseous, and solid components, in varying proportions. Its specific gravity 
is between 0*75 and 095, the heavier kinds being the darker in 
colour. 

In its crude state, petroleum is used only as a fuel and for medicinal 
purposes. Its use as fuel is economical only when its cost is not increased 
by transport charges. Thus, for instance, it is employed on the steamships 
trading in the Caspian Sea, and on the Volga. 

It is also used on the locomotives of the railways in these same regions, 
all of which are fired with oil fuel. In some cases, firing with light and 
porous mineral fuel, such as brown coal and peat impregnated with crude 
petroleum, has been carried out with, a considerable degree of success. 

Crude petroleum has long been used for medicinal purposes, after 
purification by treatment with neutral soaps (alkalis). These preparations 
are used as salves or ointments. They are known as naphtha salves, and are 
recommended in certain quarters for their healing properties, for wounds, and 
as a cure for rheumatic affections. 

When heated, crude petroleum gives off condensable vapours in such 
quantities, that a very considerable reduction of volume of the oil occurs. It 
is to the distillates thus produced that the great importance of petroleum, 
for domestic, trade, and industrial purposes, is due. 

These distillates may be classified, according to the temperatures at 
which they are driven off, under three main headings, as follows : — 

1. The highly volatile substances given off at temperatures up to 150° C. 

(302° Fahr.). 

2. The less volatile bodies driven off at temperatures between 150° and 

270° C. (302° and 518° Fahr.), which includes the paraffin and kerosene 
used for lighting and power purposes. 

3. Those driven off at temperatures over 270° C. (518° Fahr.), which form 

the mineral lubricating oils. 

The yield of distillates of these three classes varies within very wide 
limits, according to the source whence the crude oil comes. 

American crude oil produces the greatest amount of paraffins (i.e. dis- 
tillates of class 2), while the Russian oils yield more of the mineral lubricating 
oil (distillates of class 3). 

The products of the distillation of petroleum are utilised in a great variety 
of ways. Each product falling within one or other of the classes cited above 
is further treated in turn, and at definite temperatures it yields a large 
number of other distillates to which distinctive trade-names are given. As 
an example of the variety of brands of distillates produced, those manufactured 
by one firm alone, the Petroleum Refining Co. (formerly Messrs August 
Korff, Bremen), at temperatures up to 150° C. (302° Fahr.), are given in the 
accompanying table : — 



OIL MOTORS. 



Products of the Benzine Manufacturing Department. 



Products. 



Specific Gravity. 



Rhigolene 

Petroleum-ether .. 

Gasolene No. 

Hydrirene (registered trade-name for gas production) . 

Gasolene No. I 

,, No. II. (for cooking and heating purposes) 
Petrol for automobiles and motor cycles (veloyen«, registered 

trade-name) 

KorfTs motor petrol specially suitable for stationary engines . 

( " Stain- water " 
KorfTs petrol No. I.J For lighting} for domestic purposes', 

,, „ no. ii. ^ and for cleaning . 
KorfTs petrol No. III. for lighting and for cleaning purposes 
Oil of turpentine substitute (putzbl) 



about 0*61 5—0 625 

„ 0-630— 0-640 

„ 0-640— 0-650 

„ 0650 

„ 0-650—0-660 

M 0-670—0-680 

„ 0-670—0-680 

lt 0-670—0-680 

I „ 0-690—0-700 

„ 0-710— 0-730 

„ 0-780— 0-750 



Distillates coming under Class I. of our grouping, and the uses to which 
some of them are put, are as follows :— Petroleum-ether, which is obtained 
at temperatures between 40° and 50° C. (104° and 122° Fahr.), is used as a 
solvent for indiarubber and various rosins. The gasolene obtained at tem- 
peratures between 70° and 80° C. (158° and 176° Fahr.), with a specific gravity 
of 0*66, is used for removing oils and greases, and for the production of air 
gas (aerogengas, homogengas, etc.). Petrol is given off at between 80° and 
100° C. (176° and 212° Fahr.) ; it has a specific gravity of 0'68 to 0'7, and its 
utilisation for power production is dealt with in detail in the following 
chapters. At temperatures varying from 100° to 170° C. (212° to 338° Fahr.), 
a substitute for oil of turpentine, " putzbl," is obtained ; this has a specific 
gravity of 0*73 to 0*75 ; this may also be used for power purposes. 

The second group of substances, which are obtained at temperatures 
ranging from 170° to 270° C. (338° to 518° Fahr.), are employed for lighting 
purposes. Ten years ago, different grades were not obtainable in this group ; 
at the present time, however, illuminating oils of various qualities are 
produced. Among these are, for example, " kaiserol," having a specific 
gravity of 0*78 to 0*8 ; American lighting oil (kerosene), of specific gravity 
0-8 to 0*81 ; Russian lighting oil, with a specific gravity of 0*82 to 825 ; and 
the so-called " engine oil," used with the Diesel, Hornsby, and other engines. 

The third group consists of the heavier mineral oils used for lubrication ; 
their specific gravities range from 0*895 to 0*960. They are most ex- 
tensively used for lubricating, and have almoBt entirely displaced the vegetable 
and animal oils and greases in general use thirty years ago. 

All substances in the first group evaporate more or less readily at the 
atmospheric temperature, and the vapours they produce form, when mixed 
with air, highly explosive mixtures. It is this property which makes these 
volatile mineral oils of such immense value for the production of power; 
but these very qualities also entail risk of disastrous explosions, and of fire 
during transit and warehousing. With the second group — the lighting oils — 
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the danger is much less, especially when distillation has been carried on with 
care, as is now generally the case. A lighted match thrown upon the 
surface of good lighting or engine-oil, should not set the oil alight, but should 
be extinguished as though it fell on water. Inflammable vapours must only 
be formed on heating to over 30° C. (86° Fahr.). At the present time there 
are on the market few well-distilled mineral oils used for lighting purposes, 
which contain in solution any appreciable quantity of hydrocarbon so volatile 
as to be driven off by variations in the temperature of the atmosphere, and 
which would, with the air, form explosive mixtures easily ignited. 

(b) The Liquid Distillates of Mineral Goal. 
(Common Coal and Brown Coal.) 

The liquid hydrocarbon mixture (tar) now obtained by the distillation of 
mineral coal is also used for driving engines. 

The origin of mineral coal may be traced back to the decomposition of 
vegetable remains which flourished in ages past. From the surrounding 
formations, and the depth at which the oldest coal-beds are found, it is 
calculated that the vegetation which has been converted into coal must have 
had its existence not less than two million years ago. 

Coal varies in quality and is of different nature according to whether the 
vegetation by the decomposition of which it is formed, consisted of marine, 
land, or marsh growths ; but so far as the production of gaseous and liquid 
fuels is concerned, it suffices to differentiate merely between those coals which 
are rich and those which are poor in gas. The process of formation of 
mineral coal is not yet completed, and even at the present time its 
composition continues to change slowly. This is shown by the great or small 
variations in the gases — methane, marsh-gas, or carburetted hydrogen, and 
carbonic acid, eto., — which occur in all collieries. Attention may be called to 
the continuous loss of gas by the coal, due to the heat of the earth and to the 
pressure of the rock strata over the coal seams. It is not possible to turn to 
account in any practical way these natural gases —marsh gas, carbonic acid 
— which issue from coal workings. Up to the present time, in fact, these 
gases have been looked upon as irremediable evils against which it is neces- 
sary to take special precautions. 

Liquid fuel derived from mineral coal is not found in a natural state, and 
to within the last few years it was obtained solely in the form of tar, from 
common coal or brown coal, carbonised or dry distilled ; that is to say, heated 
in the absence of air in closed retorts. 

By further distillation of coal tar by itself, liquid hydrocarbons, known 
collectively in the trade as crude benzol, are obtained, these consisting of a 
mixture of benzene, toluene, and xylene. This crude benzol is eminently 
suitable for working engines, but was formerly obtainable in quantities much 
too small for its use as an engine fuel to become general. Only 40 lbs. to 
50 lbs. of tar are produced by the carbonisation of 1000 lbs. of common coal, 
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and from this tar only 1 to 15 per cent, of crude benzol can be produced. 
Moreover, for some of the components of crude benzol, there was a ready 
market in connection with the colour industry. Now, however, these con- 
ditions are materially altered, the change having taken place on the discovery 
that the extraction of the benzol from coke-oven gases was feasible. Larger 
quantities of crude benzol are now obtainable, and this substance is found to 
have many advantages over the distillates of crude petroleum. 

As these liquid distillates of common coal — benzol, etc. — will, without 
doubt, play a very important part in the future, it perhaps will be of interest 
to give a brief description of the method by which they are obtained. 

As already stated, the quantity of benzol given off by gas-tar is very small. 
It is present in much larger quantities in lighting gas itself, which contains 
twenty times as much as the tar simultaneously produced. Unfortunately, 
it must not be removed from the lighting gas, as the lighting power of 
illuminating gas is dependent upon the percentage of benzol it contains. But 
conditions are much more favourable in the case of coke-oven gas, a by- 
product in the manufacture of coke, which a few years ago was only used for 
firing boilers. It is true that coke-oven gas contains less benzol than lighting 
gas (the treatment of 1000 lbs. of coal yields about 7 lbs. of crude benzol), 
but it is produced in such large quantities that the benzol obtained from it 
in one single year, 1906, amounted to about 70 million kgs. (154 million lbs.). 
As coke-oven gas is only used for heating and never for lighting purposes, 
all the crude benzol it contains may be removed without detrimental effect. 
The treatment of coke-oven gas for the recovery of crude benzol and other 
by-products, prior to its use for heating purposes, was introduced in Germany 
towards the latter end of the 'eighties. From that time onwards, the produc- 
tion of benzol increased to such an extent that its price, which stood at 400 
marks per 100 kgs. (£203 per ton) in 1882, fell to 21 marks (£10, 10s.) in 
1901. For the treatment of coke-oven gas to remain profitable, it became 
necessary to find other and wider fields than hitherto existed, in which benzol 
might be put to advantageous use. With its application to motor uses, an 
important market was opened up, and one having before it immense 
prospects. As crude benzol can be resolved by inexpensive methods into its 
component parts, which have respectively a high and low boiling point, it is 
specially well adapted for use as an engine fuel. The component which boils 
at a low temperature is utilised in the colour industry, while that boiling at 
a high temperature is better suited for motive power. The two products, 
therefore, are put to uses so distinct that the sale of one is in no way 
prejudicial to that of the other. This decomposition of crude benzol is due 
to the Riitger8werke Company, which has placed upon the market, under the 
name of " ergin," a mixture of benzol distillates, which can be used for most 
internal combustion engines and which is actually the cheapest fuel of its 
kind procurable. 

The fact that brown coal can be made to yield liquid fuel has been known 
for a long time. In the case of this class of coal, the liquid fuel obtained is 
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known as "solaröl"; it is obtained in the brown coal distilleries, of which 
the most important are situated in the neighbourhood of Leipzig and Halle. 

The brown coal used for this purpose is of an earthy nature and will 
not bear handling or transporting. In contrast with the process by which 
common coal is treated and which yields coke as the main product, and 
benzol, ammonia, and coke-oven gas as by-products, brown coal yields tar as 
the main product, from which paraffin and solarol are subsequently obtained. 
The coke ash, which remains in the oven, and the gas form, in this instance, 
the by-products. The former is used, under the name of "Grude coke," in 
kitchen fires, while the gas serves for heating boilers or for driving gas engines. 

By the dry distillation or carbonisation of peat, wood, rosins, and fats, 
liquid fuels are also obtained which are suitable for working gas engines. 
So far, however, they have met with no practical application, while at the 
same time they are far too costly and not easily obtainable. 

(c) Alcohol. 

In addition to the distillates of crude petroleum and coal, alcohol forms 
a fuel which possesses many qualities that make it especially suitable for use 
in motors. Alcohol can be obtained in many different ways, the most common 
method being the fermentation of vegetable matter containing sugar, or a 
large proportion of farinaceous substances. In Germany, the cheapest raw 
material at the present time for the production of alcohol is the potato. Tt 
may happen, however, sooner or later, that alcohol will be obtained by some 
different method, or from other vegetable matter cheaper still. 

Potato alcohol, as found on the market and as used for working engines, 
is known as potato spirit. It is diluted with 10 to 15 per cent, of water, and 
rendered non-potable by the addition of fusel-oil. Its price varies with the 
abundance of each potato harvest, and this fact has greatly hindered its 
general introduction as a liquid fuel for engines. In order to meet this 
difficulty, the trust of German spirit manufacturers decided, about five years 
ago, to sell motor spirit at a uniform price over the whole of Germany up to 
1908, provided the engine owners each undertook to buy annually 5000 kgs. 
(11,000 lbs.). The price was fixed at 15 marks per 100 kgs. (about 6s. 8d. 
per 100 lbs.) for the winter, from November 1st to May 15th; and 16 marks 
(7s. 3d. per 100 lbs.) for the summer months, from May 16th to October 31st. 
At these prices, the cost of using spirit in engines is approximately equivalent 
to that of using petrol. 

This decision on the part of the spirit manufacturers has greatly aided the 
introduction of spirit motors. Over this same period, however, the prices of 
spirit for other purposes have varied enormously, and at times they have 
risen by over 100 per cent. So far as the author is aware, the spirit 
trust has not renewed its agreement with the engine owners, and thus the 
development of alcohol engines has received another check. The motors 
shown at the seventeenth exhibition held by the German Agricultural Society 
in 1903 at Hanover, were almost exclusively alcohol motors. At the exhibi- 
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tion held in 1906 at Berlin the number of engines using petrol and "ergin" 
already preponderated to a somewhat large degree. At the exhibition held 
this year (1907) there was scarcely one alcohol motor to be found. 

As our supplies of coal and crude petroleum are not renewable, and do not 
exist in inexhaustible quantity, there is no doubt but that we shall have to 
depend more and more in the future upon such liquid fuels as can be produced 
from existing vegetation. So long as the sun shines upon the fields, we shall 
be able with safety year by year to depend for the production of spirit upon 
the fruits of the earth. On the other hand, we are in uncertainty as regards 
the coal- and oil-fields which may become available. By using mineral fuel, 
we are utilising the heat which the sun gave out thousands of years ago ; by 
using vegetable spirit, we are utilising the heat of the sun given off 
during the present period. The more nearly the supplies of mineral fuels 
become exhausted, the more dependent will we be upon vegetable and animal 
kingdoms. The agriculture of the future, therefore, will not only be devoted 
to the raising of crops suitable for the nourishment of men and animals, but 
also, and in a constantly increasing proportion, to the growing of plants and 
fruits from which concentrated fuels may be obtained ; and these will be 
employed for the purposes of producing heat, power, and light, which are not 
less important to us than food itself. 



CHAPTER II. 
LIQUID FUELS AS A MEANS FOB POWEB PBODUCTION. 

Notwithstanding the abundance of natural fuels, there is scarcely one which, 
without some preliminary treatment, can be used in internal combustion 
motors. Nearly all of them are chemically impure ; that is to say, they possess 
other properties besides those of a simple fuel. Thus far the only successful 
internal combustion motors have been engines worked with gaseous or liquid 
fuels ; and no practical internal combustion motors using fuel in a solid form 
have been built. 

In the present volume we shall deal only with engines using liquid fuels. 
All these fuels are industrial products which were not, originally, intended 
for use for engine working. To utilise them, the engine-builder was forced to 
adjust the design of his motor to suit their several properties. More recently, 
however, it has been abundantly proved that the fuels can also be made to 
suit the engine in which they are to be used for the generation of power, 
and it is to be hoped that, by the collaboration of thoughtful manu- 
facturers with the engine-builders, great progress in engine construction 
will result. 

A good fuel for engines should combine in itself the following char- 
acteristics : — 

1. High calorific value. 

2. Cheapness. It must be easily procurable. 

3. Complete combustibility, leaving no deposit of a solid or liquid nature. 

4. Absence of smell, both of the fuel itself and of its products of combustion. 

5. It should be easily vaporised or atomised. 

6. Its vapour, or finely atomised spray, should be capable of mixture with 

air, within the widest limits, resulting in a stable association. 

7. Certainty of the firing of the mixture of fuel and air by the ordinary 

methods employed for ignition. 

8. Possibility of compression of the mixture to the highest limits. 

9. Minimum fire and explosion risks. 

Bearing in mind the nature of these requisite characteristics, it will be 
found that the available liquid fuels may be classified as follows : — 

Benzine or petrol having a specific gravity of 0*65 to 0*71. 

9 
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Paraffin or kerosene having a specific gravity up to 0'865. 

Crude benzol. 

"Ergin." 

"Solarol." 

Spirit. 

Petrol. 

The calorific value of petrol is very high ; it ranges from 10,000 to 10,400 
calories 1 (18,000 to 18,720 B.Th.U.) ; while common coal has a value of only 
7500 (13,500 B.Th.U.), coke 6500 (11,700 B.Th.U.), and wood 2800 (5040 
B.Th.U.). The price of motor petrol has fluctuated considerably. In 1894, 
when the first German edition of this work appeared, petrol of 0*68 specific 
gravity cost 16*75 marks per 100 kgs. (about 7s. 6d. per 100 lbs.); in 1897, 
it cost only 13 marks (about 5s. 9d. per 100 lbs.) ; in 1901, its price was 29 
marks (about 13s. per 100 lbs.); and in July 1907, 37 marks (about 16s. 8d. 
per 100 lbs.) (Is. 8d. per gallon). 

It should be remarked here that by a prescription of the German Federal 
Council dated 2nd December 1885, petrol, "ligroin," naphtha, and other 
petroleum distillates of specific gravity less than 0*79, employed for power 
generation, may be used free of duty, subject, however, to certain regulations, 
so far as industrial purposes are concerned. 

The tax levied on petrol amounts to 7"75 marks per 100 kgs. (about 3s. 6d. 
per 100 lbs.). 

A suitably proportioned mixture of air and petrol will, when ignited, result 
in complete combustion, there being no fluid or solid residue. Engines run 
on petrol, provided that cylinder lubrication is properly carried out, seldom 
require cleaning, and the exhaust gases have no unpleasant smell. When it 
happens that automobiles using petrol emit a disagreeable odour, the cause of 
this is not attributable to the products of combustion of the petrol, but to the 
half-burnt lubricating oil, which, in cases of over-lubrication or defective con- 
struction, is driven into, through, and out of, the exhaust pipe. As will be 
subsequently explained, oil vapours have the property of remaining suspended 
for a long time in the air, and to these must be traced the objectionable smell 
which automobiles leave behind them. 

Petrol belongs to the most volatile class of fuels used for internal 
combustion engines, and at temperatures as low as about 0° C. (32° Fahr.), 
it evaporates naturally in quantities sufficient to form, with air, mix- 
tures which, when burnt in confined spaces, result in great increase of 
pressure, and it is in this way that they can be utilised for driving engines. 
The volatility of petrol increases rapidly with a rise of temperature, and 
if its temperature be raised even to 15° C. (59° Fahr.), the original mixture 
would be so enriched as to contain more fuel than could be burnt, 

1 The heat-unit used here is the quantity of heat required to raise the temperature of 
one kilogramme of water through one degree centigrade. The calorific value of the various 
fuels given is expressed in terms of kilogramme-calories per kilogramme. This quantity 
may be converted to B.Th. U. per lb. by multiplying it by 1*8. 
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and more air must be supplied to it in order to render it suitable for use 
in engines. 

The mixture of petrol vapours with atmospheric air takes place with extra- 
ordinary rapidity. The small four-cycle petrol engines of motor-cycles have 
a speed of over 2000 revolutions per minute, so that each separate mixing 
period occupies only the seventieth part of a second, and in spite of this, 
the firing takes place regularly, and the power developed by these motors 
is immensely satisfactory. 

The association of the petrol- vapour and air in these mixtures is also 
perfect. The so-called air-gas plants, 1 which supply whole towns with 
gas, afford proof of the fact that mixtures of petrol vapours and air, used 
in this way, can be conveyed over great distances through pipes, and 
distributed without losing in any way their inflammable and combustible 
qualities. 

With reference to the inflammability of petrol-air mixtures, it should be 
mentioned that of the methods of ignition now common {e.g. incandescent 
bodies, electric spark, and heat of compression), the first two only are utilised 
with petrol motors. 

In the first of these, ignition-tubes are made red-hot, to secure firing 
of the charge at the right instant. The provision and maintenance of a 
safe and economical lamp for heating these ignition-tubes, is a matter of 
some difficulty, and, as the Fire Insurance regulations only permit of the 
use of heating lamps on condition that certain special precautions are 
taken, tube-ignition is seldom resorted to, and thus, in the case of petrol 
motors, ignition by means of the electric spark alone remains available. Low- 
tension magneto-electric ignition devices are used for stationary slow-speed 
engines ; in high-speed automobile engines, the voltage is raised by the use of 
an induction coil. In petrol motors a high compression of the charge is not 
permissible. Even at 5 atms. (73*5 lbs. per sq. in.), knocking occurs in 
the engine, due to premature ignition, and this reduces its power. The least 
favourable point connected with the use of petrol is the great risk of fire and 
explosion with which it is attended. Although the Fire Insurance Companies 
prescribe a large number of precautionary measures, 2 having reference to the 
installation of petrol engines, and the insurance policy provides for their 
due enactment, too great a care in the use of this fuel is hardly possible. 
With the great increase of recent years in the use of automobiles, it has 
become necessary to store in the towns large quantities of petrol, and the 
construction of appliances by means of which the fire risks due to the 
presence of large stocks of petrol will be reduced to a minimum, is most 
commendable. 

1 Under the name of " air gas " are known all the lighting gases formed by the mixture 
of the vapours of the light hydrocarbons with atmospheric air, such as " aerogengas," 
" benoydgas," "homogengas," etc. 

2 The conditions laid down by the insurance companies are reproduced in the chapter 
dealing with the installation of engines. 
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Paraffin Oil or Kerosene. 

Under the name of paraffin, we class, for engine purposes, all the distillates 
obtained within the temperature limits of 150° to 270° C. (302° to 518° Fahr.) 
having specific gravities between 0*73 and 0*86. 

The calorific value of the different sorts of paraffin oil depends upon the 
source of supply and the care taken in the distillation ; it may be taken as 
varying from 10,000 to 11,000 calories (18,000 to 19,800 B.Th.lL). Among 
all the fuels on the market, therefore, paraffin oil combines the greatest 
calorific value with the least bulk, and for this reason, particularly if only the 
distillates given off at high temperatures be considered, paraffin oil is 
much cheaper than petrol. Paraffin oil, such as is used in Diesel 
engines, costs 10 to 12 marks per 100 kgs. (about 5s. 4d. per 100 lbs.), 
while petrol costs 37 marks (about 16s. 8d. per 100 lbs.). These heavy 
distillates are obtainable in large quantities, and conform also in every way to 
the condition requiring their complete combustion, i.e. the absence of any 
solid or liquid residue, when the engine supplies, etc., are properly regulated. 
Judged, therefore, with reference to its calorific value, cheapness, and complete 
combustion, no objection can be raised to the use of paraffin oil or kerosene. 
It does not, however, satisfy equally well the other conditions required of a 
good fuel for internal combustion engines. The cheap and so-called heavy dis- 
tillates have a strong and disagreeable odour ; the products of combustion from 
most paraffin-oil motors are so obnoxious owing to their objectionable smell, 
that energetic means have been taken to restrict the use of such engines in 
towns and thickly populated districts. In the Diesel engine, and others which 
work on a similar principle, the paraffin oil is completely burnt up, and the 
exhaust is practically invisible and without smell ; but the strong odour of the 
fuel itself in tho case of these engines, is also noticeably disagreeable in small 
and badly ventilated engine-rooms. 

But the greatest obstacle to the use of paraffin in the engines built on the 
usual gas and petrol motor types, lies in the difficulty experienced in forming 
and maintaining a proper mixture of paraffin and air. All the kinds of 
paraffin available only begin to give off vapours at temperatures higher than 
that of the air, and the fuel must therefore be vaporised by artificial means. 
Unlike petrol, paraffin is not a substance with closely defined limits of distilla- 
tion temperatures, but is a combination of hydrocarbons, the boiling points 
of which lie between the limits of 150° C. and 300° C. (302° to 572° Fahr.). 
To this is added a further disadvantage, for it happens that, even at tempera- 
tures below 572° Fahr., a chemical decomposition of paraffin into "fat-gas" 
commences ; this is an undesirable feature, as it entails a modification in the 
proportions of the mixtures employed. Hence, in engines in which mixtures 
of a certain definite composition are to be formed and maintained for a given 
length of time, evaporation must not take place at either too low or too high 
a temperature ; and care must also be taken that during the time the mixture 
remains as such in the engine, it must neither become too cool nor too hot. 
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A fall in temperature below 572° Fahr, is leas detrimental than a rise above 
that limit, for the paraffin vapours, as soon as they come into contact with 
cooler air, do not return immediately to the liquid state, but remain suspended, 
forming a kind of mist or, in other words, minute bubbles of liquid paraffin 
containing air. This atomised paraffin may be easily mixed with a further 
supply of air, and so consumed. But, if these bubbles encounter solid bodies, 
impinging, for instance, on the walls of the cylinder or other parts of the 
engine at a lower temperature than that at which they vaporise, they return 
immediately to the liquid state and cannot thus be efficiently used. 

The vaporisation of paraffin in large quantities in advance, and its utilisa- 
tion in the form of vapour in a manner similar to that in which a gas would 
be employed, has not been found practicable, as, in this case, it is a question 
of dealing with real vapours and not with permanent gases. Better success 
has attended attempts to produce a uniform mixture, by carefully measuring 
the amount of finely sprayed paraffin required for each stroke, the air neces- 
sary to complete combustion being supplied with it or immediately after its 
introduction into the cylinder. 

The design of apparatus suitable for performing the necessary function of 
measuring, vaporising, and heating the paraffin ; the ways and means of 
effecting the supply of the air required ; the protection of the mixture against 
undue cooling, are problems, for the solution of which all manner of devices 
have been suggested during the last decades. It cannot be said, however, 
that any solution of an altogether satisfactory nature has, so far, been found. 
It will thus be seen that both the formation of the desired mixture and its 
preservation as a permanent vapour are, when paraffin oils are employed, 
matters of no little difficulty. So troublesome are these points, in. fact, that 
endeavours have been made to construct engines in which at least one of these 
characteristics should be eliminated. Very satisfactory examples of motors 
working under such conditions can now be cited, as, for instance, the well- 
known Diesel engine and motors of this type which are designed on these 
principles. In these engines no mixture is formed ; the petrol is consumed 
the instant it comes in contact, in a finely divided form, with the highly 
heated air. 

Of the properties of paraffin considered as fuel for combustion engines, 
there still remain to be mentioned its inflammability, the behaviour of the 
mixture under compression, and the fire risks its use entails. With regard 
to its inflammability, it may be said that, of all liquid fuels, it is set 
alight at the lowest temperature. In paraffin motors fitted with tube- 
ignition, the mixture is* ignited with certainty and at the correct instant, even 
if the temperature of the tube is so low that it is below red-heat. This 
characteristic of ready inflammability has been taken advantage of in the 
Diesel engine, and the ignition of the paraffin spray injected is effected 
without risk of misfire by the heat of the compressed air of combustion alone. 
It may be remarked here that the charge of atomised paraffin is introduced 
at the moment of maximum compression. 
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One result of this feature of ready ignition of paraffin-oil vapour, is that 
when mixed with air, a high degree of compression is not possible, as the 
increasing density of the hot air, and hot paraffin particles, facilitates ignition. 
The combustion of the mixture under such conditions takes place with extra- 
ordinary rapidity, and is in the nature of an explosion, for ignition occurs 
throughout the whole volume of gas or vapour simultaneously, and not as in 
the earlier types of engines, from one point only. As a compression pressure 
of 4 atms. (58*8 lbs. per sq. in.) is sufficient to produce automatic self-ignition, 
it is not possible to utilise the great advantages of high compression in 
engines using a ready-made mixture. In Diesel engines, on the contrary, 
the high compression of the air can be utilised to the best advantage ; in the 
case of these engines combustion will never resemble an explosion, for no 
compression of the mixture of air and paraffin vapour occurs, the commence- 
ment and duration of the process of combustion being dependent on the 
instant at which the charge of paraffin spray is forced into the cylinder and 
on the length of time occupied in introducing the charge. 

As regards risk of danger by fire, paraffin may be said to comply fairly 
well with the requirements, for, although it has a low flash-point, it is the 
least dangerous of all the liquid fuels. A well-lighted match thrown upon the 
surface of paraffin does not set it alight. The regulations in force in Germany 
provide that only such paraffin-oil distillates shall be put on the market as 
have a flash-point, i.e. give off combustible vapours at a temperature not 
lower than 21° C. (69 8° Fahr.). Should these vapours become ignited, this 
is not accompanied by ignition of the liquid paraffin oil ; the flames are 
extinguished without communicating sufficient heat to the surface of the 
liquid to result in the formation of further vapours for feeding the flames. 
It is only when the liquid is heated thoroughly to a temperature above 30° C. 
(86° Fahr.) that a steadily burning flame is possible. 

The low tire risk of paraffin oil compared with that which is involved in 
the use of other liquid fuels, is its best recommendation, and the introduction 
of a good, cheap, safeworking paraffin motor would be an assured success, 
since the use of the other liquid fuels, petrol, benzol, and alcohol, all entail 
great dangers. 

Paraffin has not always been so free from danger from fire; when first 
distilled the processes were not carried out with the care that now obtains, 
and it contained in solution, in the earlier days, no small amount of volatile 
hydrocarbons, which in evaporating led to the formation of explosive 
mixtures. In addition to this, paraffin was generally shipped in wooden 
casks, which are not gas-tight, and the vessels carrying paraffin oil or kerosene 
from America were exposed to the danger of explosions. These oil ships were 
furnished witli a windmill or aeromotor on deck, which worked an air-pump 
for exhausting the gases from the ships' holds. But in spite of these pre- 
cautions, numerous accidents occurred, and in the early 'eighties great sums 
were paid for efficient devices designed with a view to preventing explosions 
on oil-carrying vessels. One device which was tried consisted of placing in 
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the ships 1 holds tanks containing liquid carbonic acid ; these could be opened 
from on deck, and by this means the whole cargo could be immersed in 
carbonic acid gas, an effective fire-proof covering. 1 

Now that the volatile constituents of crude oil have found a large market 
and fetch higher prices than even lamp, oil, their separation is carried out 
with great care. The inflammability of lamp oil now forms the subject of 
suitable rules and regulations, and hardly any explosions now occur through 
the storage of paraffin oil, or, in other words, kerosene. 

BenzoL 

The value of benzol as a fuel is as high as that of petrol, being about 
10,300 calories (18,540 B.Th.U.), but it costs much less; the present price 
is 22 marks per 100 kgs. (about 10s. per 100 lbs.). 2 Up to the middle of the 
'eighties benzol was obtained from gas tar only, and was mainly used in the 
aniline dye industry. At that time it was so expensive that its use in engines 
was altogether out of the question. But when, in the early 'nineties, it 
became possible to produce benzol in large quantities from coke-oven installa- 
tions, the output soon exceeded the demand, the price fell to 20 marks (about 
9s. per 100 lbs.), and fresh markets had to be found. The last means of 
making use of it was soon found to be its employment as fuel for internal 
combustion engines. 

When produced as a clear distillate, benzol burns without leaving any solid 
or liquid deposit, as do petrol and paraffin. Its smell, however, is unfortun- 
ately rather strong —stronger, in fact, than either that of petrol or lamp-oil. 
Its products of combustion are, on the other hand, almost odourless, and not 
anything like so offensive as the smell of the burnt gases of paraffin motors. 

The formation and maintenance of the explosive mixture is, however, not 
so easy as with petrol. Nevertheless, motors using benzol can be run in cold 
weather without having to resort to warming, and petrol motors may be run 
with benzol without any alteration. The main advantage of benzol over 
petrol and paraffin is that it allows of much higher compression than is 
possible with paraffin. Again, working on benzol at present prices, is 
much cheaper than with petrol, since high compression can be taken ad- 
vantage of. 

Bisk of fire with benzol is not much less than with petrol, and in this 
respect it ranks below paraffin. Enterprising chemists and engine builders 
soon found that the properties of benzol could be improved, if the fire risks 
its use entails and its disagreeable smell could be overcome without materially 
altering its good qualities. It was found to be only necessary to separate from 
it its highly volatile and low volatile components, for both of which there are 
favourable markets. The residue thus obtained forms an ideal cheap fuel, one 

1 In a similar way, large quantities of petrol in bulk are protected from contact with air 
by carbonic acid gas. 

9 A purified commercial benzol can be obtained from the Deutsche Benzol -Verreinigung 
O. m. b. H., Bochum. 
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emitting but little smell, retaining its heat, highly compressible in mixture, 
and involving no fire risks. 

The Riitgerswerke Chemical Company, Berlin, in particular, has done 
much towards solving this problem, and for several years has placed upon the 
market a liquid fuel called "ergin," for which there has been a ready sale. 
"Ergin" now costs 17 marks per 100 kgs. (about 7s. 6d. per 100 lbs.); it 
has a calorific value of 10,300 heat units (18,540 B.Th.U.). With regard 
to ease of formation and maintenance of the explosive mixture, it is but 
little inferior to petrol and much superior to paraffin ; it is easily fired by the 
usual methods of ignition ; permits high compression ; entails as little 
danger by fire as does paraffin ; and, like the latter, is subject to less stringent 
police enactments as regards storage than petrol. High compression being 
resorted to, consumption is much smaller than with petrol or paraffin. 
" Ergin " being also cheaper than petrol for the same weight, the horse-power- 
hour of an engine using this fuel works out at 3 to 5 pfs. (*3 to 5d.) against 
10 to 12 pfs. (1 to T2d.) in the case of an engine using paraffin. Working 
with petrol is, of course, dearer still. 

Benzol, and also " ergin," can be mixed with alcohol, and mixtures of this 
nature are used in combustion engines to a considerable extent. 

Alcohol. 

In the case of the fuels derived from crude petroleum and coal, one has 
to deal with substances rich in carbon, to which is due the fact that these 
fuels burn in the atmosphere with a heavy and sooty smoke. Alcohol belongs 
to the class of fuels which are low in carbon ; when lighted in air it burns 
with a blue, clear, non-sooty flame. If its chemical composition be examined, 
it will be at once evident also that its calorific value is much lower than that 
of the fuels considered above. We have already stated that paraffin has a 
calorific value of 11,000 heat units (19,800 B.Th.U.) ; petrol and benzol, values 
up to 10,300 (18,540 B.Th.U.) ; but alcohol has only 5500 to 6000 (9900 
to 10,800 B.Th.U.). Its cost is also higher than that of paraffin and 
benzol, and fluctuates very much, being entirely dependent upon the result of 
the potato harvest. 

Alcohol conforms fairly satisfactorily to the requirements, so essential to 
a good engine fuel, of burning without leaving a deposit; alcohol spirit- 
motors are troubled with no solid or liquid deposits, even when they receive 
but little attention. On the other hand, the conditions are suited to the 
formation of rust, and this has a very bad effect upon the cylinder walls and 
the valves. A satisfactory method of preventing this formation of rust has 
been found in running the motor for a few minutes before it is stopped, with 
petrol or benzol, instead of with alcohol right up to the finish. The provision 
of special devices is also necessary for working engines with these fuels. 
These have for their object the complete removal of all remains of alcohol 
from the interior surfaces of the engine. 

By the absence of smell in the alcohol itself, and in its products of com- 
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bustion, this fuel has attained to a very prominent position. As it smells 
the least of all liquid fuels, its use for automobiles has been rendered com- 
pulsory in several large towns. 

Alcohol is little less volatile than petrol ; it must be heated in order that 
vaporisation and the formation of a working mixture may be produced, and, 
to accomplish this, use is made of the exhaust gases. The engine is gener- 
ally started and run with petrol until the exhaust pipe is sufficiently heated 
to vaporise the alcohol spray and maintain a constant quality of mixture 
The introduction of the charge takes place through a jacket round the 
exhaust pipe or, conversely, through the pipe itself, the exhaust gases being 
led out through the jacketing. 

Ignition of the mixture of air and alcohol does not take place at so low a 
temperature as with paraffin and petrol, but at about the same temperature 
as lighting gas. In most cases, ignition is accomplished by means of elec- 
tricity ; but an ignition tube, heated by an alcohol vapour lamp, is all that 
is really necessary. The most prominent characteristic of alcohol is that it 
lend 8 itself readily to high compression ; it may even be said that it is mainly 
due to this feature that its introduction as an engine fuel has been attended 
with success, for if it is considered from the point of view of thermal qualities 
alone, the use of alcohol works out at almost double the cost of that of petrol 
or paraffin. 

The great saving of fuel which accompanies the use of high compression — 
and in alcohol motors compression may safely be run up to 16 atms. (235 lbs. 
per sq. in.) — is, however, so appreciable that 1 horse-power-hour can be pro- 
duced for approximately the same weight of alcohol as of petrol. 

The danger of fire and explosion when working with alcohol is less than 
with petrol, but greater than with paraffin oil. A lighted match thrown on 
the surface of alcohol ignites it immediately. But motor alcohol does not 
form any explosive mixtures with air at ordinary temperatures. The storage 
of alcohol is not subject to the stringent regulations in force for petrol, but 
to the more lenient ones drawn up for paraffin oil. A mixture may easily 
be made of 90 per cent, of alcohol ' dissolved in benzol or "ergin," and with 
such a solution the power of the engine is increased considerably. Solutions 
formed of equal parts of alcohol and "ergin" are frequently used. In 
preparing such a solution, care must be taken to add the " ergin " or benzol 
to the alcohol, and not to perform the operation in the reverse way. 



CHAPTER III. 

THE DEVELOPMENT OF THE PETROL AND PARAFFIN MOTORS. 

The first records of petrol and paraffin engines may be traced back to a period 
contemporaneous with the first gas engines. In an English patent taken out 
as early as 1838 by one William Barnett, it was clearly stated that the gas 
engine there referred to could also be worked with some easily volatilised 
hydrocarbon. Although it may be taken for granted that the Barnett engine 
was not a practical one, but a design which existed solely as a " patent," the 
fact shows that even at that early date it was fully realised that an easily 
volatilised hydrocarbon could be used for driving motors. 

Apart from the circumstance that in the year 1867, so-called atmospheric 
gas engines, placed on the market by Otto and Langen (the predecessors of 
the Gasmotorenfabrik Deutz), were worked in different ways with gasoline 
gas produced by causing air to pass over the surface of petrol, the first engine 
worked direct with petrol may be said to have been that built in 1873 by 
Julius Hock, of Vienna. This was known at that time in the trade as a 
petroleum engine, and was built in Germany by the Maschinenfabrik Humboldt, 
Kalk, near Cologne. 

This name really implied too much, for it was not actually the less danger- 
ous lamp oil which was used, but petrol, and such an arbitrary designation 
resulted in all manufacturers of petrol motors classifying their engines as 
" petroleum " motors as recently as the latter end of the 'eighties. 

When, later on, in the early 'nineties, the engines which actually do work 
with paraffin made their appearance, manufacturers were obliged to amplify 
their announcements by stating that their engines really did work with 
petroleum oil fuel. These matters, however, gradually became straightened 
out ; automobiles came more and more to the front, petrol came to be the 
best fuel for this work, and, at the present time, no maker hesitates to call 
his engines which are worked with the latter fuel, petrol motors. 

The Hock Petrol Engine.— The engine illustrated in fig. 1 works on the 
Lenoir gas-engine cycle. The piston draws in the explosive mixture during 
a part of its forward stroke; the mixture is ignited and performs work, 
driving the piston forward to the end of the stroke. 

The explosive mixture consists of air and petrol spray, air being drawn 
through the nozzle G and the fuel through the nozzle b. The current of 
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air crosses the path of the incoming fuel which is thereby atomised. The 
air and fuel spray thus form the explosive mixture. Ignition is performed 
by means of a gasoline gas flame, which is produced afresh for each complete 
cycle at the moment when igni- 
tion must take place. This is 
accomplished by directing a jet 
of this gas through a steadily 
burning flame, against a flap 
valve in the cylinder cover. At 
the correct instant this valve, 
by reason of the suction of the 
piston, is only held lightly on 
its seat, and it opens sufficiently 
for the flame to come in con- 
tact with the charge. The 
periodic formation of the gaso- 
line gas jet is obtained by a 
connecting rod working a kind 
of bellows which communicates 
with a tank filled with gasoline. 

At the moment the explosion 
takes place, the air inlet and 
the ignition valves close auto- 
matically. On completion of 
the working stroke, the exhaust 
valve is opened by a rod driven 
off an eccentric on the shaft, 
and the products of combustion 
are allowed to escape to the ex- 
haust. 

The speed of the engine is 
regulated by allowing of the 
formation of a stronger or a 
weaker mixture as described. 
According to the adjustment of 
the air regulator valve in the 
casting i 9 a large or small vol- 
ume of " additional " air is sup- 
plied to the mixture, the re- 
sulting pressure of combustion 
varying in proportion. 

If the Hock engine and valve gear be considered from an engine-builder's 
standpoint, it can hardly be termed other than an experimental engine. It 
contained a large number of original features. For the first time, use is 
made of the open-ended cylinder, of the trunk piston and direct drive on to 
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the crank, a system now in general use for modern gas, petrol, and paraffin 
engines of comparatively small power. The Hock engine, of course, was 
never widely adopted. 

In 1876 a new petrol motor was introduced in America, which, on account 
of its system of working, aroused great interest. This was the 

Brayton Petrol Engine, 

illustrated in figs. 2 and 3. 

All gas engines built up to that time might be classified as "mixture- 
forming" engines, in which the charge, drawn into the cylinders, was burnt 
after ignition by electric sparks, giving consumption results which were 
largely dependent on the nature of the fuel. The process employed in 
this engine was quite different, regulation being obtained by mechanical 
means. 

In the Brayton engine, the fuel and the necessary air are separately com- 
pressed in the working cylinder, and ignition takes place by an internal flame 
burning under pressure, the instant they come into contact with each other. 
Compression and combustion of the fuel in the working cylinder occur during 
only a small portion of the stroke ; for the remaining portion of the stroke, 
the expansion of the products of combustion takes place and useful work is 
performed. The running of the Brayton engine resembles, therefore, that of 
the steam engine. The cut-off in the steam engine corresponds here to the 
period of combustion. At the end of the stroke, action is reversed and the 
gases are driven out through the exhaust valves. 

As shown in fig. 2, an air-compressor is arranged beneath the working 
cylinder ; this pump supplies a receiver with compressed air, and this air is 
delivered from the receiver to the working cylinder through inlet valves. 
On its way thither it passes through compartments filled with asbestos, 
separated from the cylinder by perforated metal plates or sheets and layers 
of wire gauze. The porous substance is constantly kept impregnated with 
petrol from a small pressure pump, so that the air flowing through it becomes 
saturated with the petrol vapour, thus forming a combustible mixture which 
is ignited by the flame burning under pressure. The wire gauze prevents 
any back-flash from reaching the mixing chamber. Petrol vapour is used 
for the ignition flame, which must be kept burning all the while the engine 
is running. This vapour is supplied by the following means : — A small pipe 
conveys from the compressed air-receiver to the vaporising chamber a small 
supply of air, which is brought into contact with a portion of the petrol- 
impregnated asbestos. An inflammable mixture is thus formed in the clear- 
ance space, and may be set alight, at startiug, through a hole fitted with a 
removable plug. The combustible medium, therefore, for both the ignition 
flame and for the driving or working flame, is derived from the same source, 
and firing of the fuel during the working-stroke is no more than an extension 
of the process of ignition to full and complete combustion of the charge. As 
the piston does not come in contact with the cold outside air, and is always 
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kept hot by the flame of the burning charge, it is necessary to encourage 
cooling by the use of hollow piston-rods. The motor must be started running 




soon after lighting the ignition flame, as this flame is extinguished as soon as 
its products of combustion accumulating inside the clearance space reach the 
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same pressure as that of the compressed air-receiver. For a similar reason 
the speed must not be allowed to fall below a certain limit. 

The consumption of petrol per horse-power-hour is stated to have amounted 

to only £ I * = \ x 07 = 0*35 kg. 
(•77 lb.) — no more, therefore, 
than is consumed by a good oil 
engine of modern construction. 
The fact that a large number 
of patents were later taken out 
for engines designed on similar 
lines, is sufficient proof that the 
Brayton system was considered 
to be sound and of value. The 
working of the Diesel engine 
has some resemblance to it. 

The Brayton engine has 
also been built of vertical form, 
with inverted cylinders, and 
this design was the prototype 
of the Simon engine, which 
works on the same principle, 
and was in use for a certain 
time. A low gas consumption 
was also claimed for this en- 
gine, namely, 0*5 to 0*6 cubic 
metre (17*7 to 21*2 cubic feet) 
per horse-power-hour for small 
types of from 4 to 6 horse- 
power. 

About this time N. A. Otto 
invented the four-stroke-cycle 
compression gas engine, which, 
up to the present time, con- 
tinues as the standard type for 
most internal combustion en- 
gines. Gas-engine builders di- 
rected all their energy to the 
development of this engine, 
and in a very short time a 
petrol engine made its appear- 
ance, which worked on the same 
principle as that employed in the compression type of engine. This 
first really serviceable engine working direct with liquid fuel, viz., that 
of Wittig and Hees, was built in the late 'seventies and early 'eighties 

* Half a litre. 
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by the Hannoversche Maschinenbau-Aktien-Gesellschaft, formerly Georg 
Egestorff. 

This engine is illustrated in figs. 4, 5, and 6 ; it is, as will be seen, a two- 
stage engine. The mixture is formed in one cylinder, the second one being 
the working cylinder. The two pistons work on two cranks, keyed in line at 
0°. On the pistons rising, mixture is drawn into the right-hand cylinder, 
while at the same time work is being performed in the left-hand one by the 
ignition of the mixture supplied to it. On the down-stroke the products of 
combustion are driven out of the working cylinder,. and the fresh mixture is 




Figs. 4 and 5.— Wittig k Hees petrol engine. 

delivered to it from the right-hand cylinder which acts as a compressor. Loss 
of mixture by way of the outlet valve is prevented by the great distance 
between the outlet passage and the inlet port, and by loading the change- 
over valve with a spring. When the working piston is midway on the down- 
stroke, the exhaust valve is closed, and, to the still comparatively rich 
products of combustion, a fresh complementary charge then in the mixture 
pump cylinder is added by compression. As the mixture compressor piston 
travels right down to the bottom of its cylinder, and as clearance is provided 
for the charge, in the working cylinder only, the whole of the mixture is 
collected in the latter cylinder when the crank is on the dead centre. 

The formation of the explosive mixture is performed, in this engine, 
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entirely on the so-called carburetting principle, which is now practically 
universally adopted in automobile engines. Figs. 5 and 6 show the very 
simple devices used for this. An air valve and a petrol valve are mounted 
side by side in a common mounting, and both valves are mechanically opened 
on the suction stroke of the mixture pumps. The valves are separated by a 
diaphragm, in which a small opening is cut. Through this the air is drawn 
in, and being directed on to the jet of petrol, converts it into spray. The 
petrol tank, which is also Been in fig. 5, is made flat, and lies below the level 
of the petrol outlet in the engine ; by this meaus an occasional leakage from 
the valve, if this should happen to fit badly, cannot occur, and the suction 
level of the petrol varies but little. This thoroughly simple arrangement 
has proved both satisfactory and durable. 

That explosion motors would be found to be of the greatest importance 
for the working of stationary plant and of floating craft, was a fact early 




Air 
Valve 

Fig. 6. — Wittig k Hees petrol engine. 

recognised, and the management of the Hannoversche Maschinenbau- Aktien- 
Gesellschaft lost no time in fitting up one of these engines in a railway 
vehicle, which was used in their own yards, in order to test it in actual 
practice. Disputes over patents with the Gasmotorenfabrik Deutz, however, 
prevented the Hanover Company from proceeding further with their petrol 
motor, and this invention which was full of promise remained in abeyance. 

In 1883, G. Daimler — who, until then, had been director of the Dcutz , 
Gasmotorenfabrik and established later the Daimler Motor Company — brought 
out a new petrol motor, which contained a number of novel features, and on 
which the present automobile motor is modelled. 

Up to that time, even in the case of the smallest engines, the speed did 
not exceed 200 revolutions ; but Daimler ran his new engine at 800 and more 
revolutions per minute. He chose the vertical inverted arrangement of 
cylinders, with crank shaft underneath, and with enclosed crank case in 
order that the mechanical parts might be protected from dust aud from the 
action of the atmosphere. To Daimler is also due the introduction of a 
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common lubricating device for the piston, crank pin, and crank shaft bearings, 
from an oil well inside the crank chamber ; he introduced also the handle for 
the easy starting of the engine. 

Besides all these improvements, which are still incorporated in unmodified 
form in the latest automobile engines, Daimler provided his new motor with 
a novel system of ignition, which is in reality at the present day superior to 
all others. This was the well-known tube-ignition device which, although no 
longer used for automobile engines, is still 
preferred to others for öiii aller gas engines. **r^ 

The increase iu speed, now so common a 
feature, actually forms the chief service ren- 




Figs. 7 and 8. — The Daimler petrol engine. 

dered to the subject by Daimler in the matter of motor-car engines, for it 
provided a solution of the problem which had been worked at for fully a 
century, and resulted at once in an engine of large power and small weight. 

Figs. 7 to 9 illustrate the Daimler engine as it was built in the later 
'eighties for stationary installations. 

For forming the working mixture, Daimler at that time did not have 
recourse to direct petrol supply, which as we have seen was the method 
adopted in the Hanover Company's engine, but used a device similar to that 
employed for the production of air-gas, in which air is passed through petrol 
so as to saturate it with petrol vapour. 

Daimler attached importance to the petrol layer traversed by the air 
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being kept of a constant depth ; he also heated the air before it was delivered 
inside the apparatus, in order that a constant amount of petrol vapour might 
be taken up by it both in cold and in hot weather. 

Fig. 9 shows the gas-producing device, now generally called a carburettor. 
A float k, provided with a conical opening T in the centre, rests, partly 
immersed, on the surface of the petrol. The air supply pipe c is fitted in the 
centre of the conical opening, and enters the petrol to a given depth. As 
the float is always immersed in the petrol to the same extent, the air-pipe 
always dips down to the same level below the surface, and therefore the air 
must always flow up through the same height of petrol. 
The petrol particles which are not vaporised are caught 
on the baffles d and e, and fall back to be used later. 
The wire gauze mantles m and n serve to protect the 
inside of the carburettor from back-flashing. The par- 
tition o separates the upper portion of the apparatus 
into two compartments. Fresh air enters the top one 
through the pipe a, passes thence down into the appar- 
atus and through the petrol, and the petrol spray and 
air mixture so formed is supplied to the engine through 
the pipe /, which is connected to the lower part of the 
upper portion of the apparatus. When the mixture is 
too rich, extra air may be supplied as desired through 
the valve g. 

From figs. 7 and 8 it will be seen that the present 
type of automobile engine is still very similar to the 
first Daimler engine. We may mention also, as a 
special feature, that in Daimler's engine the inlet and 
exhaust valves were for the first time arranged together 
in one chamber or valve chest, one valve over the other 
with the valve heads opposite one another, the arrange- 
ment reducing to a minimum the space occupied in 
former types by the valve casing and passages. The 
point of ignition was arranged in the space between 
the two valve heads, where, therefore, the presence of inflammable mixture 
was assured. 

Speed regulation was obtained by periodically opening the exhaust valve, 
the consequence of which naturally was that no fresh charge was drawn into 
the cylinder. The centrifugal governor lc, arranged inside the driving pulley 
on the flywheel (fig. 7), lifts, whenever the normal speed is exceeded, the 
rod (j (fig. 8). This rod operates the "hit and miss" striker pivoted at/, 
pushing it inwards when the valve spindle is raised, and in this way pre- 
venting the valve from falling again on to its seat. The exhaust valve is 
normally worked by the cam c, which lifts the tappet rod or spindle ; but 
when the striker is in action the spindle is not worked by this cam. When, 
however, the speed falls again to normal the rod g is lowered, the striker is 




Fig. 9.— The Daimler 
carburettor. 



THE DEVELOPMENT OF THE PETROL AND PARAFFIN MOTORS. 27 

tripped, and the exhaust valve resumes its ordinary function, operated by the 
cam c, allowing a fresh charge to be drawn into the cylinder, resulting in an 
explosion in proper sequence. 

We shall often meet with this method of regulation further on. It does 
not form part of Daimler's invention, but had been worked out several years 
previously in the Körting Works. 

Development of the Paraffin or Oil Engine. 

The mineral oil distillates whose boiling points are high, though they are 
readily volatile substances, which come between heavy petrol spirit with a 
specific gravity of 0'72 and the mineral lubricating oils, require — as do also 
the distillates derived from common and brown coal — to be specially heated 
for atomisation in order to produce a working mixture. The main trouble 
experienced in the construction of a successful paraffin motor, not as yet 
satisfactorily overcome, is due to the difficulty of the regulation of the fuel, 
and of maintaining it at the necessary temperature under all conditions. 
These heavier hydrocarbons are cheaper than any others on the market, and 
moreover are of greater calorific value than others. They have the further 
advantage of low fire risk, and engine builders cannot therefore afford to 
abandon the task until some simple and safe, and at the same time low-priced 
paraffin motor is produced. 

The nearest approach to a solution of the problem is the Diesel engine, in 
which the liquid fuel is transformed into a fine spray by air, heated by com- 
pression to ignition temperature and instantly burnt. 

The Haselwander and Trinkler engines work on a similar principle. In a 
large number of installations, as, for example, for small factories and for 
domestic and agricultural purposes, for automobiles and small motor boats, 
these engines working with compression pressures up to and over 30 atms. 
(440 lbs. per sq. in.) are not suitable. The failure of all other paraffin motors 
on the simple petrol motor principle, i.e. forming a working mixture and 
working with low compression, is due to incomplete reduction of the fuel to 
gaseous form, incomplete combustion, and to the very disagreeable smell given 
off by the exhaust gases. Most of these engines also require at starting to be 
heated by lamps, or to be started on petrol. The adoption of these measures, 
however, increases the risk of fire, and instances in which fires have been 
caused by the beating lamps and the petrol used for starting are not unknown. 
Of greater moment, however, is the fact that they are not economical in 
working, on account of low compression only being permissible with paraffin 
vapour and air mixture. As stated in the second chapter on " Liquid Fuels 
as a means for Power Production/' these mixtures cannot be compressed to 
pressures greater than 3 \ to 4 atms. (52*6 to 58 8 lbs. per sq. in.), on account 
of the risk of premature ignition of the charge. 

Paraffin has, therefore, a large number of properties which are un- 
favourable to the engines. Every endeavour must be made, however, to use 
paraffin and the heavier oils, in simple four-stroke-cycle engines working at 
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pressures of 8 to 10 atms. (117*6 to 147 lbs. per sq. in.), as is now done 
with engines running on lighting gas. With such engines it will probably be 
possible to obtain reduction in fuel consumption similar to that obtainable 
with Diesel engines. While, with a compression of 2>\ atms. (52*6 lbs. per sq. 
in.), 350 to 400 grammes (*77 to *88 per lb.) of fuel are required per horse- 
power-hour, when running with compression pressures of 8 to 10 atms. (117*6 
to 147 lbs. per sq. in.), the same amount of work should be produced on a 
consumption of 200 to 250 grammes (*44 to '55 lb.), and the smell of the 
exhaust gases would also, in all probability, be greatly diminished. 




Ignition Tube. 
Heating Flame. 



Fios. 10 and 11. — Kjelsberg paraffin engine. 

Among the first mixture -forming paraffin-oil engines which have stood the 
test of actual practice, may be mentioned the Kjelsberg engine, placed upon 
the market in 1889 by the Lokomotivfabrik Winterthur. 



The Kjelsberg Paraffin Engine of 1889. 

This engine is provided with a carburettor taking the form of a heated 
chamber or cylinder separated from the main cylinder by the inlet valve, 
the flame kept burning to heat the ignition tube also being utilised to heat 
the carburettor. Speed is regulated by the Körting governor as described 
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above in connection with the Daimler engine, the exhaust valve being held 
open periodically, and the inlet valve closed. 

As seen in figs. 10 and 11, the valve, all the steering, and the governor 
mechanism, are mounted at the side of the engine frame. The exhaust valve 
is shown to the left (fig. 11), and to the right the inlet valve, mechanically 
operated. The carburettor is placed quite close to the inlet valve seat, and 
consists of a vertical jacketed cylinder. The exhaust gases from the flame for 
heating the ignition tube, escape through the jacket and communicate to the 
wall of the inner cylinder the heat required for vaporisation. A device for 
atomising the paraffin oil is fitted at the top part of the carburettor, through 
which is also drawn the air necessary to complete combustion. The paraffin 
spray is directed on to the heated surface of the wall of the carburettor, where 
it is evaporated, immediately forming the inflammable charge. 

The inlet valve and the paraffin cut-off disc valve, are worked together by 
the same cams, through the link 8 and the striker p. In front of the 
carburettor there is also an automatic air inlet valve, provided in order to 
prevent any small amount of paraffin vapour remaining in the carburettor 
from entering the engine. When the normal speed is exceeded, the centri- 
fugal governor pushes over the bent lever r above the exhaust lever L, 
raising L and thereby holding the exhaust valve off its seat. To lever L is 
fitted an arm K, which, on any movement of the exhaust valve, draws the link 
s to the left, out of the way of the "hit and miss" rod p, of the inlet valve. 
Thus, while L is held up by the lever r, the inlet valve and the paraffin supply 
remain closed, and no charge is taken into the cylinder until the governor has 
again freed the lever L. 

The Gapitaine Paraffin Engine. . 

Among the first engines in which the vaporising apparatus and the ignition 
tube were combined, the Capitaine paraffin engine should be mentioned. To 
this day this engine has remained practically unaltered. It is built by 
the Maschinenbau-Aktiengesellschaft, formerly Ph. Swidersky of Leipzig- 
Plagwitz. This engine is illustrated in figs. 12 to 15. Fig. 14 shows the 
combined carburettor and ignition tube. This fitting consists of the com- 
paratively small conical tube F. The paraffin heating lamp, provided for 
heating the carburettor ignition tube, is marked 6 ; the ribs c on the outside 
of the vaporising chamber are intended to increase the heat-absorbing surface, 
and also to give it additional strength. 

Before the suction stroke commences, the quantity of paraffin required 
for the charge has been stored by the pump x in the space in front of the 
valve e. When suction commences, air is drawn through the port e' t lifts 
the valve e off its seat, and blows the paraffin through into the vaporising 
chamber. Here, on coming into contact with the heated surfaces, the paraffin 
spray is evaporated, and in the shape of a highly inflammable mixture, 
formed of paraffin and of the small amount of air which served to atomise it, 
it passes through the port / (fig. 14), and mixes with the air needed for 
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combustion drawn in at E. From the shape and location of the carburettor 
it is evident that this apparatus will also perform the function of igniting 
the charge. 

The valve gear, etc., in this engine, is unnecessarily complicated and 
inaccessible. It has been greatly simplified in the Company's later models. 
In fig. 13, g is the exhaust cam; on this runs the roller «', carried at the 
extremity of the lever e, which operates the exhaust valve spindle. The 
cam ft works the paraffin pump x, lifting the roller m and with it the crank 




Figs. 12 aud 13. — The Capitaine paraffin engine. 

lever kk' (figs. 12 and 15). The lever k' works in a slot cut in the pump 
piston o, working it backwards and forwards as the roller is lifted or allowed 
to fall by the action of the cam n. At another point in its revolution the 
cam n comes into contact with the lever Z, which works the disc valve of the 
oil pump. 

The engine is governed in the same way as the Kjelsberg paraffin engine. 
The exhaust valve is occasionally held open, air suction and the drawing in 
of a fresh paraffin charge being temporarily prevented, until the speed falls 
to such an extent that explosions again become necessary. The counter- 
weight K in the governor (fig. 15) is swung out by centrifugal force, when 
the speed exceeds the normal limit. When in this position, it strikes, by 
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means of the wedge plate r, the roller 8 carried by the bell crank s\ imparting 
motion to the lever t The lever t is fitted with a pin u, and when the 




-Carburettor of t lifj Os^itftitie piimliin ■ h_*iii'/. 

weight K is swung out, this pin is pushed in under the end of the exhaust 
valve lever raised by the cam g. The ex- 
haust valve is thus prevented from return- 
ing to its seat, and at the same time the 
paraffin pump is also thrown out of gear. 
But while held open in this way, the exhaust 
valve, during the actual period of exhaust, 
is raised by the cam g so that the lever e is 
lifted off the pin u of the lever t t and this, 
being for an instant unloaded, is allowed 
to swing back as soon as the governor 
weight K moves in towards the centre, on 
the speed falling. The exhaust valve and 
the oil pump can then resume their proper 
functions, and the charging is carried out 
regularly. In order that a regular quan- 
tity of paraffin may always be supplied to 
the engine, and in order that the heating 
lamp may always burn with the same sized 
flame, it is necessary for the paraffin to be 
supplied to both, under a uniform pressure. A high level for the paraffin 
tank has not been found necessary, and a portion of the space in the engine 




Fig. 15. — Governor of the Capitaine 
paraffin engine. 
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bed plate is utilised for storing the liquid fuel. This fuel supply is kept 
under an unvarying pressure by means of an air-pump P (fig. 12), driven by 
the engine. This pump can be thrown out of gear, and when the engine is 
not running it can be started by hand in order to provide the pressure needed 
by the heating lamp for starting. 

Paraffin Engine on the Hornsby-Akroyd System. 

Another typical paraffin engine system is that due to the English engineer 
Akroyd, which dates from 1 890. In this system the formation ef a mixture 
does not take place during the suction stroke, but during the period of com- 
pression. The oil, for the time being separated from the air of combustion, 
is sprayed into a heated chamber filled with the gases of combustion re- 
maining from the former working stroke. In this chamber there is formed, 
during the suction period, a non-inflammable mixture of paraffin vapour with 
products of combustion, and only the air required for combustion is drawn 
into the working cylinder. 

The vaporising chamber in question communicates with the working 
cylinder simply by means of a comparatively small port, so that only a very 
small portion of its contents enter the working cylinder during the suction 
stroke. During the subsequent period of compression, air from the working 
cylinder is added to the paraffin vapours, and in this way the actual explosive 
mixture is made. When compression ceases and all the air has been driven 
into the vaporiser, there is there an inflammable mixture which ignites auto- 
matically at the right moment from contact with the heated walls of the 
vaporiser. In the other systems above described, the working mixture is 
formed during the suction stroke, and consequently the paraffin vapours come 
into contact with the cooled cylinder walls. This is a distinct disadvantage. 
It will be remembered that paraffin vapours remain as such at low temper- 
atures in the form of inflammable mist, only so long as they do not come into 
contact with cold solids. The cylinder walls of engines must, however, be 
kept as cold as possible in order to obtain good mechanical results and 
satisfactory lubrication. All paraffin vapour which comes in contact with 
the cylinder walls is liquefied, and is thus removed from the mixture and 
not consumed. The liquid paraffin becomes mixed, partly with the lubricating 
oil, and, on account of the high temperature of the gases of combustion, is 
in part re-evaporated during the following working period, but cannot be 
efficiently burnt because there is no air in the cylinder for its combustion. 
This portion of paraffin is, therefore, not utilised, and it is discharged with 
the exhaust gases. The temperature of the interior surface of the cylinder 
walls rises with each explosion, for the cooling effect of the water is not 
instantaneous. A part of the paraffin dissolved in the lubricating oil is also 
re-evaporated, when the piston drives out the products of combustion and 
leaves part of the cylinder walls exposed. The paraffin thus vaporised passes 
into the engine room, the air of which may become so vitiated that the 
attendant is unable to remain in it. 



THK DEVELOPMENT OF THE PETROL AND PARAFFIN MOTORS. 



33 



The Akroyd engine as now built by the Aktieselskabet Frederikshavns 
Jernstoberi k Maskinfabrik, is illustrated in figs. 16 and 17. The working 
cylinder ia shown at A ; H is the air-inlet valve, 1 the exhaust valve, B the 
vaporiser and combustion chamber. Paraffin is sprayed into the vaporiser by 
the small pump, shown in detail in fig. 17, through the pipe F, during the 




Fig. 16.— Paraffin engine Akroyd system. 



suction-stroke. The inlet mounting G is provided with a special water 
cooling arrangement, so that during the compression, working, and exhaust 
strokes, the high temperature of the vaporiser is not transmitted to the 
paraffin in the pipe, causing it to evaporate too soon. The engine is governed 
in a very simple way, by regulating the quantity of paraffin supplied. 
Should the engine run too fast, the governor opens a by-pass from which a 
part of the oil supplied by the pump (fig. 17) runs back to the oil-tank. 
The vaporiser is surrounded by a cover, in which is cut an opening E, and 

Ö 
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through which the heating flame is directed, and an opening E 1 provided for 
the escape of the hot gases. Both openings are provided with damper doors, 
which must be closed when the engine has to work for a long time at small 
load, or stops running for- a short time. 

The Akroyd patent is chiefly concerned with the port between the 
vaporiser and the working cylinder, and with the flap- valves for regulating the 
temperature of the former. The patent was taken out on 7th December 1890, 
and is therefore no longer valid in Germany. 

The engine was first built by Hornsby & Sons, England, and has been 
largely adopted in Sweden, Norway, Denmark, and Russia. It is also built 
in Germany on the two-stroke-cycle principle, and provided with water jet. 

Under the latter conditions higher de- 
grees of compression are possible, result- 
ing in more economical working. 

The drawbacks to the Akroyd system 
are that the engine only works satis- 
factorily when the vaporiser is just kept 
at the right temperature. The surface, 
volume, and the ventilation of the vapor- 
iser chamber must be so proportioned 
that the highest permissible temperature 
will not be exceeded by continuous work- 
ing at full power; while on the other 
hand, the ignition temperature must be 
kept up in spite of a decrease of the 
power developed, within the widest limits 



Fig. 17. — Paraffin pump of the 
Akroyd engine. 




The Akroyd engine cannot run for 
long under no load, or stand for long 
not working. In either case re-heating 
with the lamp is necessary in order 
to make the engine run satisfactorily. 

Too high a temperature of the vaporiser or combustion chamber has a 
very unfavourable effect on the power developed by this and other paraffiu 
engines, for "fat gas" is formed and the time of ignition retarded. It is 
even possible for the power in such cases to be reduced by as much as 40 per 
cent. Although these drawbacks are serious, the Akroyd system has the 
very distinct advantages of simplicity in construction and reliability in 
action. For installations in which the engine is kept running for a long 
time with steady load, not far short of its maximum, as in small sea-fishing 
craft and small corn-grinding mills, this type of engine will be found 
thoroughly reliable. There are thousands of fishing boats fitted with these 
engines in Sweden and Denmark, while they are used in Russia for driving 
small grinding mills. In the latter country the fuel used is the very cheap 
crude oil. 
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Fio. 18. — First Diesel experimental engine, built in 1894, by the Maschinenfabrik 

Augsburg. 
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The Diesel Engine. 

The most important paraffin motor at the present time is the Diesel 
engine. 

While in the systems already considered the charge is taken into the 




Fio. 19.— Second Diesel experimental engine, built in 1897, by the Maschinenfabrik 

Augsburg. 

working cylinder in a form ready for ignition, and uncontrolled combustion 
is permitted, in the Diesel engine neither the production of a working mixture 
nor the introduction of the charge in this form into the working cylinder 
occurs, the air for combustion alone being drawn into the cylinder. By high 
compression this air is raised to ignition temperature. At the end of the in- 
stroke, when compression has -reached its maximum, the necessary fuel is intro- 
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duced as a fine spray under a still greater pressure than that of the air inside 
the working cylinder. The duration of the spray and the quantity of fuel 
injected are regulated according to the power required, combustion lasting for 
either a long or short period, as a consequence. The separate particles of 
fuel are consumed the very moment they come in contact with the air 
necessary for their combustion. In the other systems, uncontrolled combus- 
tion may be said to take place; in the Diesel engine it is under positive 
control. 

Many difficulties were at first met with in the use of the Diesel system, 
but owing to the untiring efforts of the Maschinenfabrik Augsburg, all these 
have been surmounted, and now this engine, at least so far as the larger sizes 
are concerned, is not only reokoned to rank as one of the most reliable, but 
also as among the most economical and the quietest in running. 

Figs. 18 and 19 show two phases of its development. Fig. 18 illustrates 
the first experimental engine as it was built in 1894 by the Maschinenfabrik 
Augsburg. As will be seen, the working cylinder is not water-jacketed. 

Fig. 19 illustrates the form the engine took in 1897, which resembles 
rather more closely the type now in use. Sections of these engines were not 
obtainable, but detailed working drawings of the latest types of Diesel engines 
are given in a later chapter. 



CHAPTER IV. 

THE WOBKING OF THE LATER PARAFFIN AND PETROL 
ENGINES: THEIR CONSTRUCTION AND COMPONENT PARTS. 

(a.) The Working of Paraffin and Petrol Engines. 

It may be said that the number of ways and means of working possible with 
internal combustion engines, is unlimited. Reference to the lists of patents 
will show that almost half the patents taken out are concerned with new 
methods of working ; the number of these which have been used and have 
stood the test of actual practice is, comparatively, a very small one. 

There is scarcely any other branch of engine construction in which the 
most correct and most promising schemes, from a theoretical point of view, 
have met with so many difficulties and have proved of so little real value on 
actual application, as has been the case in the construction of internal combus- 
tion engines. It will be understood, therefore, that for all engines, whether 
driven by gaseous or liquid fuel, the simple four-stroke-cycle principle, as used 
in the first Otto compression gas engine, still holds its position as the most 
generally adopted system of working. 

The four-stroke-cycle is one in which the suction and compression of the 
charge, the performance of work and the discharge of the gases of oombustion, 
take place in and from the same cylinder. It would unquestionably have 
been greatly preferable, from a purely theoretical standpoint, to cause the 
actual work and the compression to be done by mechanism strongly designed 
for this work, and the easier work of suction and exhaust by other and lighter 
mechanical parts, instead of making one set of mechanism perform the double 
function, when two instead of four strokes would be required of each set of 
mechanism for each operation. This idea is always being advanced, and can be 
traced back to the earliest gas engines ; this corresponds with the simple and 
double-acting two-stroke-cycle principle. Theoretically, the two-stroke-cycle 
engine for equal dimensions of the working cylinder, working at the same 
speed, should develop twice the power of the four-stroke-cycle engine. Ex- 
perience shows, however, that the gain in work expected of smaller engines 
up to about 150 h.-p. is by no means realised in practice, as the fuel is 
utilised under much less favourable conditions than in the four-stroke-cycle ; 
and in reliability of working, these engines are less satisfactory than those 
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working on the four-stroke-cycle. The two-stroke-cycle engine for small 
powers, with separate mixture pump, as embodied in the design of the Wittig 
& Hees engine described in the third chapter, has never found general 
favour on the market. 

Conditions are more favourable in the two-stroke-cycle engines, in which 
the front end of the cylinder is used as a charging pump. These engines show 
the best results in the smaller sizes. A saving in work of 50 to 60 per cent, 
is effected with equal-sized cylinders in these engines, over those running 
on the four-stroke-cycle principle ; design and construction can be kept down 
to comparatively simple lines, and fuel consumption will compare well with 
that of the four-stroke-cycle engine. But whether it can compare with the 
four-stroke-cycle in the matter of range of work, is a point on which there is, 
as yet, no clear evidence. As a type of so-called valveless two-stroke-cycle 
motors, the " Söhnlein " engine may be mentioned. This is described later in 
this work. It is built by the Motorengesellschaft " Solos," Wiesbaden. 

(b.) The Construction of Paraffin and Petrol Engines. 

In the construction of an engine the position of the working cylinder is 
the controlling factor in the design, and the engine is called horizontal, vertical, 
or inclined, according to its cylinder arrangement. 

The horizontal position facilitates access, supervision, and attendance. This 
should be generally adopted in all installations where the engine is used for 
stationary factory work, and the highest reliability in operation and long runs 
without a stop are necessary. The chief drawback in this arrangement is that 
it requires a large amount of floor space. 

As liquid fuel is not much used for factory driving purposes, the horizontal 
type of engine is but seldom met with. 

The proper field for petrol and paraffin engines is really to be found where 
questions of movement or portability are involved, in vehicles and boats and 
portable power machines. In this field it holds the first place, because this 
type of engine occupies but little space and is of the least possible weight ; 
its moving parts are protected from dust, and it needs the least attendance of 
all engines. These conditions can be best fulfilled by the vertical or inclined 
types. 

In vertical engines, the crankshaft can be placed above or below the 
cylinders ; in order to improve the stability and quiet running of the engine 
it is, however, always placed underneath in the case of motors for vehicles. 
The practice of placing the crankshafts at the top was very popular for factory 
engines in the 'eighties, and although the arrangement presented many 
advantages on account of easy lubrication of the piston, convenient pipe- 
connections and belt arrangement, it is practically never adopted at the 
present day. 

There are, however, disadvantages in the vertical type of construction, 
such as difficulty of arranging the valves satisfactorily and of devising simple 
valve-gear, etc. Further, it is very sensitive to bad adjustment of the crank- 
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shaft. This lack of truth of the shaft occurs in course of years in almost all 
engines, and is due to the fact that the power is always transmitted to it 
when the cranks are on one side of the centre line, or else to the fact that there 
is the weight of the flywheel on one side only. The crauk in the end revolves 
in a plane inclined to the axis of the cylinder, forcing the connecting rod, and 
with it the piston, first towards one side and then towards the other. The 
engine runs harder as time goes on, and wears rapidly. In horizontal engines 
this want of alignment caused by wear of the crankshaft has not such an 
unfavourable influence, because the piston, by a slight twist in the oy linder, 
can adjust itself to the altered position of the crank. 




Flu. 20.— Horizontal type with 
cro8shead guide. 



z3 
Flo. 21.— Horizontal trunk 
piston type. 



fit 
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Fio. 22.— Vertical type Fig. 23.— Vertical type 
with crankshaft below, with crankshaft above. 



Fio. 24.— Inclined type 
with crankshaft below. 



For a vertical engine to continue running easily for a long period, both 
crankshaft bearings have to be equally loaded ; it should have on both sides 
of the crank flywheels of equal weight. 

The inclined type for one-cylinder engines is seldom used. The type, 
however, has advantages when it is desirable to have two or more cylinders 
working on to the same crank. The large ends of the connecting rods are 
arranged one beside the other, the crank being lengthened in order to accom- 
modate them. In most cases a common lay-shaft can be used. Engines of 
this type are used for automobiles, racing boats, and air-ships; in racing boats 
there are as many as twelve cylinders mounted in pairs set behind one 
another ("Antoinette" motor). 
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The type of engine with two horizontal cylinders arranged opposite to 
each other, with connecting rods working on to the same crank-pin, has not 
met with much success in actual practice, because in the case of one cylinder 
the working-stroke occurs when the crank is moving over from left to right, 
and with the other, when the crank is moving from right to left. In the 
first case the thrust is all on the bottom of the left-hand cylinder, and in the 
second on the top of the bore of the right-hand cylinder. Owing to this 
difference the cylinders wear out very rapidly. Figs. 20 to 24 show diagram- 
matically the types now in use. 

(c.) Component parts of Paraffin and Petrol Engines. 

The Engine Frame and Crank Chamber. — In horizontal stationary 
engines, the engine frame forms the body to which all the other main parts, 
such as the working cylinder, the crankshaft bearings, the 
lay- shaft, etc., are fitted. In automobile and other similar 
engines, it is also made use of as a dust-proof casing to 
protect the mechanical parts, when it is known as the 
crank case or chamber. 

In deciding upon the design of the bed plate or frame, 
and crank chamber, care must be taken to ensure the pro- 





Fios. 25 and 26. — Horizontal engine frame, with cylinder liner. 

vision of a broad bearing on the foundations, in order to prevent twisting 
and distortion when being bolted down fast. In all stationary engines, in 
the best practice, the frame, water-jacket, and crankshaft bearings form one 
casting, on which are also cast all the flanges required for the fitting on of 
all the other parts. In automobile engines, the crank case and water-jacket 
are not continued in one casting, and for these aluminium bronze is used, 
an alloy which, notwithstanding its small specific gravity, 2*8 to 3, is much 
stronger than cast-iron. 

All well-equipped engine-works should possess a special machine-tool for 
machining the engine frame, in which this part of the engine can be 
completely finished, without moving it when once it is set up on the 
machine. 

The Working Cylinder. — The most important matter in the construction 
of an engine intended to be both economical in working and durable, is to 



42 



OIL .MOTORS. 



make the working cylinder of the most suitable material, namely, of close- 
grained, hard grey cast-iron, and the piston of the same material. The bore 
should be accurately cylindrical, and should show a perfect surface; there 
should not be any blow-holes or porous places indicative of a spongy texture 
of the iron. 

Since a uniformly close-grained casting can only be obtained when the 
cylinder is in a simple and regular design, uniform in thickness as far as is 
practicable, it has long been customary in the case of stationary engines to 

cast the cylinder separately and 
not in one piece with the water- 
jacket, and apart from the frame 
or crank case. The cylinder 
liner is then fitted tightly inside 
the water-jacket, and the outside 
end is covered by a third casting 
forming the combustion chamber 
and valve chest. Figs. 25 to 27 
show typical engine frames fitted 
with cylinder liners, for hori- 
zontal and vertical engines. In 
a subsequent chapter, when de- 
scribing automobile engines, their 
form of crank chamber will be 
clearly seen from the illustrations 
then given. 

The cylinder liner becomes, 
of course, much hotter than the 
water-jacket, and provision must 
be made for the former to expand 
freely in the jacket, the joint 
being kept tight by indiarubber 
packing or a suitable stuffing- 
box. 

The combustion chamber, 
which is usually cast in one 




Frj. 27. 



-Vertical engino frame, with 
cylinder liner. 



piece with the valve chest, is exposed to the greatest pressures and highest 
temperatures. In paraffin and petrol engines, which work with compressions 
up to 5 atms. (73*5 lbs. per sq. in.), pressures rising as high as 20 to 24 atms. 
(294 to 353 lbs. per sq. in.) have to be taken into account, and the walls of 
the combustion chamber must bo made of suitable strength. 

In the older stationary engines using liquid fuel, the combustion chamber 
practically formed part of the walls of the working cylinder, and was of the 
same diameter ; now, however, the combustion chamber is given a somewhat 
smaller diameter and greater length, room being thus procured for a more 
convenient arrangement of the valves, while useless passages and spaces are 
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done away with. The valve heads are thus inserted in the actual walls of the 
combustion chamber, and by this means is procured a larger volume with 
comparatively small cooling surface. Ignition can take place very rapidly 
throughout this space ; a small portion of the heat developed is absorbed by 
the walls, but the greater amount is transformed into work. 

It is preferable to make the diameter of the combustion chamber equal to 
its length ; the inlet valve is at the top and the exhaust valve on the under- 
neath Bide. After removing the inlet valve cover, the mushroom head of the 
exhaust valve can easily be taken out and the seating inspected. 

In vertical engines this arrangement of the valves cannot be used. The 
side-walls of the combustion chamber in these engines are vertical, and the 
valves would have to work horizontally. Horizontal valves, however, are in 
all cases objectionable, especially in motors, as they do not remain tight. 
In order to obtain a vertical arrangement of the valves, therefore, their 
location in the top of the combustion chamber is the only one possible ; but 
this again, even if it be of the same diameter as the cylinder, does not always 
provide sufficient room for two valves. So long as one has to deal with slow- 
running stationary engines, the valves are comparatively small, and can be 
placed, if need be, one beside the other. In high-speed automobile engines, 
the valves must be of comparatively large diameter, and the area of the top 
is not sufficient to accommodate, conveniently, both valves. In such cases 
the inlet and exhaust valves are usually found in one chamber on one side, 
or else are placed one on either side of the cylinder. 

In vertical stationary engines, not employing mechanically operated inlet 
valves, these valves are occasionally placed in the centre of the cover, while 
the exhaust valves are at the side so that they can be worked direct by a 
rod, without intermediate links or levers as shown in fig. 27. 

Up to the middle of the 'nineties there were a great many varieties of 
paraffin and petrol engines so far as outside shape was concerned. The 
designs have, however, approached gradually to uniformity, except in the case 
of automobile engines where new and special forms and arrangements are still 
occasionally met with, which, however, as a rule, do not enjoy a very long life. 

The Piston. — Next in importance to the cylinder is the piston of the 
engine. It is subject to very high temperatures, and is only partially cooled 
by the entering charge which comes in contact with its inner surface. When 
working, it only partially comes into contact with the air. Consequently, the 
end of the piston expands much more than the working cylinder, and for this 
reason, the piston in the first place is turned to a somewhat smaller diameter, 
so that when heated and expanded it exactly fills the cylinder cross-section. 

The arrangement of separate crosshead guides beyond the cylinder, by 
which all side-thrust is taken up in a manner independent of the cylinder, is 
now being more and more largely abandoned ; it greatly increases the cost of 
the engine. The Gasmotorenfabrik Deutz alone are still supplying this type 
when specially desired. In all other instances the cylinder and piston have 
not only to remain tight, but also must absorb all side-thrust. A great 
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length or bearing surface for the piston in these engines is also of the greatest 
importance, and the working life of an engine can be gauged beforehand by 
the length of the piston. The Gasmotorenfabrik Deutz give their pistons a 
length equal to 2 J times their diameter. 

The Piston Gudgeon Pin. — As already stated, only a few firms now build 
engines with separate crosshead guides. Competition enforces the adoption of 




Fio. 28. — Piston with movable gudgeon. 

cheaper designs, and turns the scales in this as in other matters, notwith- 
standing the fact that the gudgeon in the trunk piston is, so far as durability 
is concerned, the weakest point in these engines. Wear, in this case, takes 
place very rapidly, because the gudgeon becomes very hot, because it is very 
inaccessible, and its proper lubrication is very difficult, and lastly, because 
space is restricted and it cannot be made really large and strong enough. 
Figs. 28 and 29 show the different forms of gudgeon pins in trunk pistons. 
In automobile engines, the pistons are made very short in order to reduce 




Fio. 29. —Piston with fixed gudgeon. 

as much as possible the height and weight of the cylinders, and much attention 
is seldom paid to the design of gudgeon. It consists usually of a simple 
cylindrical steel pin, the small end of the connecting rod being fitted with 
a corresponding steel bush. Since, in automobile engines, all the revolving 
reciprocating parts inside the crank chamber are splash lubricated, there is 
less risk of inefficiency of lubrication in these engines than in others. Never- 
theless, even in these the gudgeon pin is always the part which wears the 
quickest. 

The Piston Bings. — These are also very important parts of an engine. 
They must act as an elastic wall, and must be able to take up the wear for a 
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long period; nevertheless, when tight, the pressure they exert inside the 
cylinder must not be too great, or they would act as a brake and would 
greatly increase the internal resistance of the engine. 

Piston rings are now generally made of cast-iron ; until the early 'eighties 
they were made of steel, but cast-iron is sufficiently elastic and the coefficient 
of friction of cast-iron on cast-iron, at the high temperatures which obtain 
in engines, is less than that of steel on cast-iron. 

The spring required is obtained in the following manner : — The complete 
ring is given a somewhat larger diameter than that of the piston ; a piece 
is then cut out of it, the two ends are brought together, and the ring thus 
formed is turned afresh, exactly to the cylinder diameter. The completed 
rings are fitted in place by hand, care being taken not to bend them. The 




Fig. 30.— Piston ring stud of the 
Gasmotorenfabrik Deutz. 



Fig. 31.— Tangyes piston ring stud. 





Fig. 32.— Piston ring stud of the Verdau Motorenfabrik. 

safest proof that the rings are fitting satisfactorily is obtained on inspection, 
after working for a time, when, if wearing properly, they will be found to 
be polished evenly over the whole of their periphery. When isolated polished 
parts appear, this is a sign that the rings have too large a diameter and that 
they bend unevenly on every in-and-out stroke. Rings that are too stiff wear 
rapidly, break easily, require more lubrication, besides enlarging their grooves. 
The rings are tight only when there is a certain amount of play between 
them and the bottom of the grooves in the piston. Cleaning, in the case of the 
piston, is limited to the removal of thick and burnt lubricating oil from these 
grooves. If the rings are not prevented from working round, after a few 
hours' running, all the Blits would come into line which would, of course, allow 
the working gases to escape. Care must therefore be taken to keep them in 
place so that the slits break joint. This is done by means of a stud or feather 
in the groove. 

The studs must be most carefully fitted in the bottom of the groove. 
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Simply screwing in small round studs is not sufficient ; such studs, owing to 
the constant variation in direction of pressure, would become loose, resulting 
in the cutting of longitudinal grooves in the cylinder bore. It will always be 
noticed that, in well-built engines, the greatest care has been given to the 
question of safely fixing the piston ring studs. The Gasmotorenfabrik Deutz, 
for instance, rivet in a square stud which takes up the whole width of the groove 
(fig. 30). Messrs Tangyes, Birmingham, use a round and slightly conical stud, 
which is let in deeply and secured by being bent over in the piston % (fig. 31). 
Other builders use a round stud of diameter larger than the width of the 
groove, but projecting only half-way across the latter, securing in this manner 
a firm hold in the thick part of the piston wall (fig. 32). 

Valves. — The valves permit of the introduction of the charge and the 
discharge of the burnt gases ; they must be able to withstand the high pres- 
sures and temperatures of the combustion chamber, and must always be in 
working order in spite of these unfavourable conditions. The greatest tax is 
put upon the exhaust valve. 

The mushroom valve has been found to be most suitable both for the in- 
let and the exhaust. This is shown in fig. 33 ; 
both the valves are made of medium hard quality 
steel. 

Piston valves, double- beat valves, and other 
types used in steam engines, are not suitable for 
internal combustion engines ; they may only be 
used in connection with the formation of the 
explosive mixture and for governing ; in places, in fact, where they are not 
directly in contact with the high temperatures of combustion and with high 
pressures. The inlet and exhaust valves are always arranged vertically, 
never horizontally or inclined ; their spindles or stems should be made 
as long as possible, and the guide should run close up to the head of 
the valve. Special care must be given to the design of the operating 
mechanism, and the slightest side-thrust against the spindle guide must 
be avoided, especially in the case of the exhaust valve. It must not 
be overlooked that the valve spindle is exposed to temperatures at 
which oil lubrication is impossible. Easy and quick removal of the valve 
for inspection and regrinding or fitting, is a point to be carefully studied 
in design. 

With mechanically operated valves a sufficiently large passage must 
be provided for the gases to flow in and out freely; the flow through the 
opening shown in fig. 33 should have a mean velocity of 20 to 30 ms. (65 to 
98 ft.) per second. In large engines this velocity Bhould be rather larger, and 
in smaller ones it should be less than the mean. The lift of the valve should 
be kept as small as possible. The cams for opening the valves should be so 
shaped as to be suitable for a certain range, either increase or decrease, in 
piston speed, and therefore for the corresponding variations in the velocity of 
flow of the gases through the valve passages. Tn designing the valve chamber, 




Valve. 



THE WORKING OF THE LATER PARAFFIN AND PETROL ENGINES. 47 

sharp bends, corners, narrow passages, and abrupt changes of cross-sections 
should be avoided. 

As the products of combustion at high temperature flow past the exhaust 
valve, non-cooled exhaust valve chambers are only possible on very small 
engines. The combustion gases are rust-producing, and the exhaust valve 
spindle after the cylinder has been standing for any considerable length of 
time, is frequently stuck fast ; a lubricating device must therefore be provided 
for the spindle. Oil, however, cannot be used for this, since it is liable to 
become carbonised on account of the high temperature of the valve; this 
would, of course, interfere with the proper working of the valve. Paraffin 
must therefore be used, for this evaporates completely and possesses, moreover, 
the property of dissolving the rust and also the coagulated lubricating oil 
which finds its way from the working cylinder to the exhaust valve guide. 

In small engines the inlet valve should also be mechanically operated. 
When self-acting inlet valves are used, the maximum amount of power theoreti- 
cally possible with the available cylinder volume cannot be developed. The 
valves also vibrate in working, and cause trouble from noise. 

The Supply and Mixture of the Fuel 

The difference in construction between paraffin oil and petrol or gasolene 
engines is, as a rule, not great ; it results from the fact that the fuels used 
for paraffin and oil, in distinction to petrol engines, do not vaporise at the 
normal air temperatures, and means must be taken to produce artificially 
before starting, a temperature sufficiently great to cause vaporisation, and 
also to maintain this temperature all the time the engine is running. Speak- 
ing generally, although distillates of crude petroleum and of mineral coal, 
both of high and of low boiling points, are ob tain eel, they have all approxi- 
mately the same liquidity and no very great difference in calorific value, so that 
the same mechanical devices may be used in both paraffin and petrol engines. 
There is no difficulty in building, supposing the necessary heating arrange- 
ments to be provided, an engine which can run with all kinds of fuel. The 
amount required of any of the various fuels also differs but little. 

It may be assumed that the petroleum distillate of specific gravity 0*72 
forms approximately the limit at which natural vaporisation occurs, so as to 
yield, at the normal temperature of the air, an inflammable mixture. With 
the heavier distillates, heating devices become necessary. Paraffin engines are 
now grouped in two classes, namely, those in which the heating is external 
and those in which it is internal. For external heating, lamps are used, either 
just at starting and sufficiently long afterwards for the vaporisation tempera- 
ture to have been reached internally, or kept burning all the while the 
engine is working, in order to heat a certain part specially designed for this 
purpose. 

If it is not desired to use a lamp, the engine is started on a light 
fuel — gasolene, for example, which gradually raises the internal tempera- 
ture to the point required, after which paraffin oil is supplied, and the 
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supply of lighter fuel cut off. The change from one fuel to the other is not 
noticeable. 

We therefore have to deal with : — 

1. The supply and mixture of light fuels. 

2. That of heavy fuels— 

(a.) employing external heating by lamps ; 
(6.) using heating only at starting ; 

(c.) starting on light fuel until the internal temperature necessary 
for the heavier fuels is reached. 



Carburettors for Light Fuels. 

In the case of all light fuels, their property of vaporising at the normal 
temperature of the air suffices for the formation of inflammable mixtures. 
The engines run on these fuels are really true petrol engines, and are ready 
for starting up practically without preparation. As stated in the chapter 
dealing with their development, contrivances for producing lighting gas from 
easily volatilised hydrocarbons were brought out in the late 'sixties, with 
which gas-engines could easily be run. These air-gas-, or gasolene-gas-making 
devices were filled with a large quantity of petrol or some other suitable fuel, 
air being then driven through them. The air became saturated with the 
fuel vapours, and formed a combustible gas which could be supplied to any 
distance, through pipes, in a similar way to coal gas. A similar apparatus, 
which could hardly be of greater simplicity of construction, was in use up to 
about the year 1900 for supplying the fuel and mixture in almost all petrol 
engines. The only disadvantage of this apparatus, or carburettor, was that 
the whole of the fuel to the very last portion could not be utilised. 

The distillation of crude petroleum can only be carried out in such a way 
that all components of a given group of distillates shall have approximately 
the same specific gravity ; there is always, as the term " group " implies, a 
number of substances whose boiling points lie between certain limits. With 
light fuels, produced by fractional distillation, and whioh cannot but contain 
several components of different degrees of volatility, there will always be a 
certain portion of the fuel, namely, that containing the lighter and more 
easily volatilised components, which evaporates first, leaving behind in the 
carburettor a much smaller quantity of residue that cannot be evaporated at 
the air temperatures. The quantity of this residue varies according to the 
time of year and the temperature of the air, and is greater in cold weather. 
By providing the carburettor with some kind of heating system, it has been 
found possible to utilise the greater part of the residue also; this plan, 
however, is seldom adopted, and in most cases the residue is drained off and 
thrown away. 

As also stated in the chapter on the development of petrol motors, it was 
not long before a system of supplying fuel was devised, based on a different 
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principle to that of the carburettor. In the Wittig & Hees engines, and iu 
those by Körting, which were brought out in the early 'eighties, the charge 
required for each individual stroke was for the first time obtained from the 
liquid fuel direct, without the addition of air, in the form of a fine jet or mist. 
At the same instant, the very strong current of air was brought into contact 
with the fuel, evaporating it to some extent and atomising and dispersing the 
greater part of it. As a spray, the fuel is in a form extremely well suited 
for use in internal combustion engines. In this form it is carried by the 
current of air right into the combustion chamber, where it comes in contact 
with the heated walls and is completely transformed into vapour. 

A very suitable arrangement is that used in the Körting oil engine in 
which the air does not encounter a fine jet, but a mist of fuel. In both 
systems it is considered advisable to place the spraying device as close to the 
combustion chamber as possible > the shallow petrol tank was also mounted 
quite near by, placed not on a higher, but, in fact, on a rather lower level 
than that of the petrol outlet. When arranged in this way the vaouum 
created by the suotiou-stroke is quite sufficient to raise the fuel, and the 
difference in level of the fuel surface in the shallow tank was so small, that a 
variation in the composition of the mixture was only noticeable after standing 
still for long periods, and the necessary adjustment could easily be made by 
hand. 

The Körting engines of this type, which are still built, run in summer and 
winter with the greatest regularity ; heating devices were not applied to them, 
and they would be suitable for automobiles and motor-boats, if one could 
become reconoiled to providing each cylinder with its own spraying apparatus, 
plaoing it in some suitable position quite close to the inlet valve. 

At the present time, this system of spraying is only used on stationary 
engines. In automobile and motor-boat engines, where vibrations of the 
petrol tank have to be taken into acoount, and which have as a rule a larger 
number of cylinders, other plans have been adopted by the builders. But 
in these engines, also, the fuel is taken from the general supply in the form 
of one or more jets or a mist ; and, moreover, care is taken that the fuel should 
always be under the same pressure, this end being obtained by the use of 
a float valve which is uninfluenced by the vibrations and oscillations. On 
account of one apparatus having to suffice for several cylinders, a modifica- 
tion is introduced and the fuel is supplied in the form of spray direct into the 
combustion chamber. The several methods by means of which an attempt 
is made to completely vaporise the spray of fuel and to mix with it the exact 
proportion of air at the correct instant, involve the supply of previously 
heated air, an inorease or decrease of the effect of suction on the surface of 
the fuel, and the delivery of additional air. 

Automobile engines, owing to rapid variations of load, require a very 
sensitive hand-regulating device, by means of which the quality of the 
mixture may be varied. This device, by combining a number of purposes, 
embraces special features, and has received the name of vaporiser or 
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carburettor. Almost all the large automobile builders now have their own 
types of vaporisers. 

In the following illustrations are shown a number of atomising and 
mixture-forming apparatus for use with the volatile fuels now used for 
stationary and automobile engines. 




Fio. 34. — Körting's carburettor for stationary engines. 

a, Fuel supply pipe ; d, Needle cut-off valve ; c t Film-forming arrangement ; d y Air 
cut-off piston valve ; c, Wings connecting valves / and d ; /, Suction-valve for raising 
the valve b by the action of the suction of the working piston ; g y Suction passage in con- 
nection with upper side of valve/; A, Stop for valve b. 




Fkj. 35.— Banki carburettor. 

The air for spraying, which enters through the movable tube II, flows out somewhat 
below the surface of the liquid fuel and reduces the latter to spray. The air for combustion, 
which arrives at the same instant at D, carries the spray inside the engine. E, Fuel inlet ; 
H, Adjustable tube for the spraying air ; C, Heating chamber ; K, Entrance of exhaust 
gases ; L, Outlet for the exhaust gases ; D, Regulator valve for the air for combustion. 
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Fig. 86. 



Fio. 37. 




Fig. 38. 



Figs. 86 to 38.— Carburettor of the Daimler 
Motoren-Gesellschaft, Untertürkheim. 

The quantity of mixture formed varies automati- 
cally with the demand made for power, or with the 
quantity of additional air. The proportions of air 
and fuel always remain the same. The opening of 
the nozzle can be regulated. The carburettor is hot- 
water jacketed. 

K, Chamber jacket; Z, Air flap-valve — which, 
according to requirements, allows the passage of a 
larger or a smaller amount of air ; A, Spindle of 
valve Z ; B, Fuel nozzle with variable opening ; 
N, Needle-valve for regulating the opening of the 
nozzle B ; D l D 2 , Side covers for the valve Z ; Bl, 
Laminated spring for the automatic closing of the 
valve Z ; H, Clamp for the spring Bl ; E, Adjustable 
back stop for the valve ; Sch, Float chamber ; Ka 
and U, Device for regulating and locking the needle 
N ; S, Fuel strainer ; St^ and Stj, Outlet and inlet for 
the hot water ; Dr, Revolving tube-valve through 
which the completed mixture is drawn off ; An, Stop 
for the revolving valve Dr ; Eg and E 8 , Screws for 
limiting the movement of the revolving valve ; D 3 , 
Inspection cover for the revolving valve. 



52 



OIL MOTORS. 




Fig. 89. — Automatic carburettor for automobiles of the Adler- Fahrradwerke, 
formerly Heinrich Kleyer, Frankfort-on-Main. 

The formation of the mixture is altered automatically, according to the demand made 
for power, by varying the addition of air. The proportions of the mixture are altered by 
regulating the current of additional air, by means of an automatic governor. The opening 
of the fuel nozzle is adjustable. The air for combustion may be heated if desirable by the 
exhaust gases. 

A, Blow-off cock for the removal of impurities in the fuel; B, Fuel supply pipe; 
R, Strainer ; V, Needle-valve for the fuel feed ; J, Float ; S, Tubular guide for the float ; 
M, Nut working along the spindle V ; D, Feathers for preventing the spindle V from 
revolving ; T, Dipper for pressing the float down on starting the engines ; H, Constricted 
pipe for the air for carrying off the spray ; Z, Annular opening through which the additional 
air enters ; F, Valve for additional air, with openings in the bottom ; E, Adjustable valve 
seating for F ; K, Lever for the valve F operated by automatic governor ; G, Regulator 
valve (throttle) for the completed mixture ; L, Lever for the valve G, regulated by hand ; 
C, Adjustable clamp for the valve F. 
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Fig. 40. — LoDguemare carbur- 
ettor for stationary and automobile 
engines. 

A, Float chamber ; B, Float ; E, 
Dipper for operating the float by 
hand, on starting the engine ; G G, 
Float levers; H, Fuel-collecting 
tube ; I, Fuel - supply pipe ; J, 
Drain ; K, Air chamber ; L, Spray- 
ing plug ; M, Mixture passage ; 
O, Baffle plate ; P, Additional air 
passage ; R, Throttle for the com- 
pleted mixture ; S, Lever of the 
throttle ; X, Additional air inlet ; 
Y, Mixture outlet 



Hrsttng 




Fig. 41. — Carburettor by A. Clement, Levallois-Perret, Paris 
("Bayard ' Automobiles). 

The composition of the mixture varies, and follows automatically the demand made for 
power, by regulation of the supply of additional air. The carburettor is hot- water jacketed. 

1, Float ; 2, Needle- valve for cutting off the fuel supply ; 3, Fuel nozzle ; 4, Air nozzle ; 
5, Hot-water jacket ; 6, Hot-water outlet ; 7, Mixture throttle-valve ; 8 and 9, Valves for 
additional air, which are opened to a greater or less extent by suction ; 10, Air strainer ; 11, 
Springs controlling the valves 8 and 9 ; 12, Annular passage for additional air; 13, Lever 
for hand regulation ; 14, Lever for automatic stopping on throwing out the clutch. 
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Figs. 42 and 43.— Longueraare carburettor : latest type for automobiles. 

A, Float chamber ; B, Float ; E, Dipper ; G G, Float levers ; H, Fuel-collecting 
chamber ; I, Fuel -supply pipe ; J, Drain ; L, Atomiser ; a, b, c, Cylindrical valve for 
additional air connected to the throttle-valve p ; d, g, /, Lever connection for throttle- 
valve and additional air valve ; X, Air inlet ; Y, Mixture outlet 




14 

Fig. 44.— Carburettor 
for the Neckaraulmer 
Fahrradwerke A.-G. 
13 motor cycle. 

Variations in the mix- 
ture are obtained by hand. 

12 Additional air, when re- 
quired, is supplied quite 

N close to the engine. Heat- 
ing is effected by the 

E '_■ exhaust gases as required. 

1, Fuel supply pipe. 

2, Regulating needle 
valve. 

3, Float. 

4, Float levers. 

7, Screw drain-plug. 

8, Filter. 

10, Fuel nozzle. 

11, Mixture nozzle. 

12, Spray cone or atom- 
iser. 

13 and 14, Screw connec- 
tion for the mixture 
pipe to the engine. 

15, Exhaust gas inlet. 

17 and 18, Revolving 
valve for air regula- 
tion. 
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Carburettors for Heavy Fuels. 

In order to arrive at the correct method of supply, vaporisation, and 
mixture formation, when using the heavier petroleum distillates, it is 
necessary to bear in mind some of the properties of these distillates already 
alluded to in the second chapter. It is perhaps most important of all to 
consider the chemical decomposition of paraffin vapours, which commences at 
about 270° C. (518° Fahr.), at the temperature, therefore, required to trans- 
form into vapour the least volatile parts of lamp oil.' The evaporation of oil 
and the chemical decomposition of the vapours, proceed simultaneously up to 
a temperature of about 518° Fahr. The higher the temperature rises, the 
more the chemical decomposition — formation of oil gas — preponderates, and 
in the end one has to deal with a fuel which has a calorific value different 
from that of paraffin vapour proper, which also requires different mixture 
proportions and possesses different properties of combustion. It is not 
advisable, for these reasons, to exceed by much the evaporating temperature 
of 518° Fahr., and it is quite as detrimental to let the temperature fall much 
below that point, For, in the latter case, all the component parts of paraffin 
are not converted into vapour. 

Care must also be taken that the paraffin, when converted to vapour and 
mixed with air, be protected against cooling by coming in contact with 
surfaces lower in temperature than 270° (518° Fahr.) ; for by so cooling, a 
part of the paraffin runs the risk of being reconverted to the liquid state, 
thus being removed from the mixture and escaping combustion. 

These considerations show that the conditions to be fulfilled by the 
apparatus for the supply of the required mixture, are not easily met ; in fact, 
an altogether satisfactory solution of the problem has not yet been found. 
The great advantage possessed by the Diesel engine, in which the fuel for 
combustion enters directly in the form of spray, and in which the conversion 
to vapour does not take place, is a very evident one. 

Notwithstanding, vaporising in paraffin motors must not be considered 
an unsolvable problem. The practical advantages which the engines 
working with vaporisers or carburettors have over the Diesel engine, are so 
great that it is well worth while to work further at the problem. 

From our remarks on the behaviour, as regards evaporation and vaporisa- 
tion, of the volatile and heavy fuels, it may be gathered that the very 
generally used name of " carburettor " for the apparatus which insures the 
Bupply and formation of the mixture in petrol and oil engines, does not meet 
the case. Vaporisation and carburetting are processes which, in this 
instance, produce very different results. Vaporisation is the pure physical 
action by which a liquid is converted to a vapour. Carburetting is the 
chemical process by which a body is transformed into another body having 
different properties. The name carburettor implies an action which does 
not take place in the apparatus at all : no chemical transformation of the 
liquid fuel is required nor the production of any gas, but only the formation 
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of vapour. It would therefore have been more correct to style this 
appliance a "mixture-forming apparatus" both for oil and petrol motors, 
and not a " carburettor." 

The following illustrations of mixture-forming apparatus show how far 
the conditions for a correct vaporisation and formation of mixture, and its 
maintenance at a uniform quality, have been met. 

Fig. 45 illustrates the Capitaine vaporiser as it has been manufactured 
for many years by the Maschinenbau- Aktiengesellschaft, formerly Ph. 
Swiderski, Leipzig. In this, the temperature of the vaporising chamber is 
kept up by means of. a constantly burning lamp. 




-The Cflpitaitifl rurlimvtUir for fuel having 
it high boiling-point. 

d t Oil inlet from oil pump; c', Air inlet for spraying; e, Spray-valve; F, Vaporising 
chamber for spray and ignition space ; c t Heating ribs ; /, Outlet for oil vapour ; E, Air for 
mixture inlet ; G, Heating lamp. 

Among the mixture-forming apparatus in which heating by lamps is 
resorted to at starting, may be classed all those which are adapted to the 
engiMB built on the Hornsby system ; a device of this kind is illustrated in 
fig. 16 in the third chapter. 

In the case of the Banki engine, built by Ganz & Co., Budapest, 
the carburettor is also heated by a lamp only when 'starting. This engine 
works at very high compressions — up to 16 atms. (235 lbs. per sq. in.) 
— and, in order to prevent premature ignition, water-spray is introduced 
with the fuel. The devices for fuel- and water-spraying are placed one 
behind the other in the air inlet passage, so that a mixture of air, fuel-spray, 
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Flos. 46 and 47.— The Banki carburettor 
for oil and petrol engines, 

a, Fuel sprayer ; 6, Water sprayer ; c, 
Throttle valve in the air inlet ; d, Passage 
for exhaust gas ; e, Outlet valve seating ; G, 
Inlet valve chamber ; G' Air inlet ; H, Air 
heating chamber ; H', Jacket through which 
pass exhaust gases ; I, Ignition ; i, Ignition 
tube ; u, Float ohamber ; p t Float ; v t Fuel 
inlet ; in, Fuel level pipe ; n t % Feed regu- 
lator, as in fig. 35. 



Fio. 48. — Longuemare 
carburettor for heavy fuel. 

A, Float chamber; 13, Float; F, 
Needle valve ; G, Float lever ; I, 
Fuel inlet ; J, Drain screw cap ; P of 
Fuel regulating valve ; M', Fuel out- 
let ; L, Spraying cone or atomiser ; 
X, Inlet for air heated by exhaust 
gases ; K, Passage for the air needed 
for spraying ; P P, Passage for ad- 
ditional air ; N Q R S, Regulat- 
ing device for air for spraying and 
additional air ; dd, Heating bodies ; 
ee t Heating passages through which 
flow the exhaust gases ; U, Inlet 
exhaust gases; cc, Outlets for con- 
densed water from exhaust gases. 
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and water-spray is drawn in, and in order that uniform quantities of feed 
of both fuel and water may be maintained, the supply of both is governed by 
float valves. The air is highly heated by the exhaust gases. Tube ignition 
is resorted to, the tube being heated, on starting only, by a lamp. The 
space inside the tube is made large enough for sufficient mixture to be burnt 
inside it to keep it at ignition temperature. 

Most of the oil engines, and also most of the alcohol and " ergin " engines, 
are now provided with vaporisers which, at starting, do not require to be 
previously heated by a lamp, starting-up being accomplished by using, at 
first, an easily volatile fuel, until the inner surfaces of the valve chest and 
combustion chamber have reached the required temperature for volatilising 
the fuel having the higher boiling-point. Fig. 48 shows a vaporiser of this 
type as built by Longuemare Freres, Paris. 




Fuel Pumps. 

From the types of carburettors illustrated, it may be seen that with 
volatile fuels the required quantities are drawn in and sprayed solely by the 



Fig. 49.— Oil pump of the 
Swiderski oil engine. 

14, Distribution valve for 
the oil (substitute for the 
valve) ; 18, Filling plug for 
glycerine. (Glycerine being a 
dense liquid, in contact with 
the piston insures greater 
tightness of the glands, etc., 
than is possible with oil) ; 
21, Pump plunger ; 24, Stuff- 
ing box. 



action of the vacuum on the suction-stroke. The proportions of fuel and air 
are varied automatically or by hand, aud heat is supplied to the apparatus 
according to the work required or according to the weather for the time being. 
In the case of fuels having the higher boiling-points, this method is uot 
always followed, partly because in several systems— as in the Diesel engine, 
for example — the fuel is not supplied during the suction period ; partly also 
because, on account of its rapid delivery inside the combustion chamber, it 
is not necessary to extend the period of admission over the whole of the 
suction-stroke. In sucli cases, the vacuum due to the suction of the working 
piston cannot be used as a motive power, and pumps must be resorted to 
instead, driven by suitable gear. According to the method followed for 
governing the engines, one has to discriminate among fuel supply pumps, 
between those which supply always exactly the same quantity of fuel when 
the engine is developing its full power and which stop working for a time 
when there is a reduction in the demand for power, and those in which the 
fuel Bupply follows constantly the variations in the load. 
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Fio. 50. — The Grob & Co. valveless oil pump. 

A, Pump plunger ; R, Collecting chamber for oil supply ; K, 
Oil passage in piston ; V, Non -return valve. 



Fios. 51 and 52. — Diesel engine fuel pump. 

a, Pump plunger ; 6, Fuel-supply pipe ; c, Float ; d t Fuel- 
collecting chamber ; «, Suction valve ; /, Delivery valve ; g, 
Rod connecting the suction valve gear with the governor ; h k, 
Working lever of the suction valve ; t, Eccentric fulcrum pin ; 
Im, Working rod for the suction valve. 
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Figs. 49 and 50 illustrate pumps of the former type. Fig. 49 shows the 
pattern adopted by the Maschinenbau-Aktiengesellschaft, formerly Ph. 
Swiderski. Fig. 50 is that used by the Motorenfabrik Grob & Co. Figs. 
51 and 52 show the Diesel engine fuel pump. 

A very necessary accessory for all kinds of carburettors is the 



Fuel Filter. 

The fuel which is supplied through the minute apertures of spraying 
nozzles, atomisers, and pumps, must be absolutely free from foreign bodies, 



Fio. 63.— The Körting wire gauze filter. 

G, Tube formed of several layers of 
wire gauze ; B, Cover ; E, Fuel en- 
trance. 





G/f IJt 73 ^^ 




Fig. 54. — The Longuemare wire gauze filter. 

.A, Filter chamber; B, Screw cap to be removed 
for cleaning filter; C, Fuel entrance; D, Fuel out- 
let ; F, Base of the filter cylinder ; G, Wire gauze 
cylinder; H, Holding-down spring for the wire 
gauze ; I, Drain-cock. 




Fig. 55.— The Longuemare filter 
for automobiles. 

A, Filter chamber; B, Filtering sub- 
stance (salt or pumice-stone) ; CDE, Fuel 
inlet ; F, Fuel outlet ; G, Drain - cock ; 
H, Air pet-cock. 



otherwise stoppages are sure to occur, and every liquid fuel engine must, 
therefore, be provided with a filter. The most simple device consists of a 
thick felt cloth stretched over a wire gauze sieve in the oil tank. 

Wire gauze filters of different patterns, in which the filter surface can be 
rapidly cleaned, are shown in figs. 53 to 55. 
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Heating Lamps for Oil and Petrol Engines. 

The lamps for heating the carburettors and ignition tubes have never 
received very much attention from engine builders. Even to-day they require 
a considerable amount of attention on the part of the drivers, and it cannot 
be said that they are free from danger. They are certainly a constant source 
of danger in petrol engines, but with these they are now seldom used. 
Almost all petrol, benzol, and alcohol engines are provided with electric 
ignition, and it is only in oil engines working with vaporisers that heating 
lamps are to be found in any numbers. When the use of volatile fuels for 
starting is completely excluded, as is absolutely the case on boats and ships, 
the use of the lamps is the only available method for heating up. 1 

A number of builders assert that ignition by means of a tube kept at a 
constant temperature is the only correct process of ignitiou for oil engines, 
and that electric ignition has not proved to be suitable for these engines. 2 
In any case, it is necessary for us to include heating lamps among the 
apparatus we are considering. All pretensions to art, with which the 
manufacture of these lamps was once attended, have long been abandoned, 
and the type of lamp now used acts on the principle of the well-known and 
simple petrol soldering lamps. In both these lamps the fuel is transformed 
into vapour, and is driven under pressure through a small opening, drawing 
at the same time with it, as in a Bunsen burner, a current of air with which 
the fuel mixes, producing a hot flame. The pressure under which the vapour 
is forced out must be sufficiently high, not only to enable the jet to draw 
sufficient air with it, but also and for a certain distance to travel faster than 
it burns. The mixture with the air occurs within this distance ; the shorter 
this distance is, the less the quantity of air mixed with the fuel ; and the 
greater it is, the more air is contained in the mixture. The burner opening 
regulates also the amount of pressure in the lamp-holder, upon which depends 
the proportion of fuel and air for obtaining complete combustion and the 
highest temperatures. 

With volatile petrol the necessary pressure can easily be obtained by the 
external heating of the burner tube and lamp-holder. It is not so easily 
obtained when using oil, and in this case, generally, the fuel is not heated in 
the holder, the required pressure being produced by a small air-pump ; the 
vaporising of the fuel takes place only in the burner tube. The Daimler 
Motorengesellschaft obtain the required pressure for the fuel supply by 
making use of part of the exhaust gases ; they do not use an air-pump driven 
by the engine. The pressure of the gases exhausting from the engine being 
too high for the purpose, a pressure-reducing valve is inserted, as shown in 

1 M east's Körting have patented a heating device by means of an electric current. 

8 In the experience of the author this is only so in the case of engines working with 
incomplete carburetting, in which, therefore, much deposit is formed in the combustion 
chamber and valve chests. In boat engines the damp, saline atmosphere, it is true, causes 
trouble with the wire insulation of electric ignition. 



62 



OIL MOTORS. 



mmm 








Figs. 56 and 57. — Pressure-producing devices for heating lamps, used by the 
Daimler- M otorengesellschaft. 

The required pressure for the fuel in the lamp-holder is produced by the action of the 
exhaust gases. 

1, Reducing-valve and safety-valve fitting ; 8, Reducing- valve ; 4, Safety-valve ; e, Inlet 
for exhaust gases, which lift the valve 3 and are led through the tube / to the lamp-holder ; 
7i, Thumb-screw for regulating the safety-valve spring to vary the pressure of the gases 
flowing to the lamp-holder ; d, Blow-off cock for dirt, etc. , carried over with the exhaust 
gases. 
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figs. 56 and 57 ; by means of this valve, only so much of the exhaust can 
reach the fuel supply tank as is necessary for working the lamp. 

The formation of explosive mixtures in the lamp-holder must be guarded 
against, and when petrol lamps are used, no air must be allowed over the 
surface of the liquid fuel ; when using oil and an air-pump, no oil vapours 
should be allowed to form over the oil surface. With petrol lamps, a short 
burner tube is used, so that sufficient heat may be transmitted to the holder ; 






Figs. 58 to 60.— The Capitaine oil- 
heating lamp. 

36, Shut-off cock for the oil supply ; 
37, Spring for cock-plug ; 38, Gleaning 
passage ; 40, Nozzle for the oil vapours ; 
41, Fitting provided with radiating ribs 
which conveys back the heat for evapor- 
ating the oil. 



while with oil lamps, the heat thus transmitted must be kept down as low as 
possible and applied to the burner tube only. 

The principle on which the heating lamps act, indicates the direction in 
which they may be expected to give rise to dangerous risks or trouble. In 
the first place, it should be remembered that evaporation does not cease 
immediately the flame is put out either purposely or by accident, and that a 
mixture continues to issue from the lamp uselessly for a length of time 
dependent upon the heat of the burner tube. When the engine room is of 
small size and its atmosphere possibly hot, as would frequently be the case 
in boats, an explosion could easily occur if the lamps were lighted again a 
short time after they had ceased burning. Experience tends to show that such 
explosions can be very dangerous both to the men and the craft. 
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It may also happen that the burner head becomes, after a time, wasted 
away from the action of the combustion gases of the flame and the high 
temperatures. The device may thus become leaky, and a large amount of 

liquid fuel may be sprayed out; 
this may become ignited and, fall- 
ing on wooden floors, lead to fires. 
In order to start the lamps, the 
burner tube must be heated by 
means of a small alcohol-lamp, or 
by burning a small quantity of 
alcohol which is poured into a 
cup provided on the heating lamp. 
The oil on entering the burner is 
gradually vaporised; the vapour 
issues from the small port under 
a certain pressure, becomes ig- 
nited, giving at first a quiet, clear 
flame. The burner tube then 
gradually becomes hotter ; the pres- 
sure and the amount of vapour 
increase. The vapour escapes at 
a greater velocity, and the tip 
of the flame gets farther and 
farther away from the nozzle. 
More air is drawn in under 
these conditions, combustion is 
rendered more complete, until a 
constant burning and non-lumin- 
ous flame of high temperature 
is produced. Constant and regu- 
lar burning is obtained in the 
following way: — As the vapour 
formed cannot escape from the 
1, Oil tank ; 2, Rising-tube for the oil and sma n opening as rapidly as it 
wick ; 3, Opening for filling the tank ; 4, Screw . g oduce( j > t he pressure inside 
for regulating the air pressure over the oil ; 5, r . _™ OÄQ a „A 

Air pump; 6, Cup for the heating fuel for start- the burner tube increases, and 

ing the lamp ; 7, Bracket for the flame tube ; 8, this reacts and drives the oil 
Flame tube ; 9, Bent pipe for transmitting the ^^ to t he tank ; the liquid 
heat to the liquid oil ; 10, Outflow for the oil f ^ therefore> withdraws from 

vapour * the hot portion of the burner, and 

the rate of formation of vapour decreases. Then the pressure in the 
tank drives the liquid fuel up again, and rapid evaporation again takes 
place. But such an action would result in a violent fluctuation of the 
liquid fuel, and would not produce a steady flame. Steadiness is secured 
by inserting at that part of the burner near which the oil is transformed 




Fio. 61. — Swedish oil-heating lamp. 
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into vapour, a resistance to the flow in the shape of a wick or of a series of 
fine wires tied together. 

Figs. 58 to 61 show several oil-heating lamps commonly used. 



Speed Governors. 

Recourse is had to the following methods for regulating the speed of oil 
and petrol engines : — 

1. By the " hit and miss" method in which one or more explosions are 

cut out (" cut-out " regulation). 

2. By varying the quantity of the charge (" admission " or quantitative 

regulation). 

3. By varying the composition of the mixture ("mixture" or qualitative 

regulation). 

4. By retarding ignition. 

So long as it was deemed inadvisable to exceed a compression of 3 atms. 
(44 lbs. per sq. in.) in gas engines, up to, therefore, the middle of the 
'eighties it was an accepted rule that speed governing should be obtained 
by the "hit and miss" method, i.e. by cutting out one or more ex- 
plosions, and this practice was followed in all installations where economical 
working was the chief consideration, and regularity of running of secondary 
importance. Governing by varying the quantity of the charge or the pro- 
portion of the mixture was in force where great regularity in the running 
was the principal factor. But when, in course of time, compression in 
gas engines increased three-fold, this rule held no longer. High com- 
pression renders a mixture which is poor in gas more highly inflammable, 
and causes more rapid combustion, so that the regulation of power for 
light loads obtained by decreasing the percentage of gas in the mixture, 
results in quite as economical working as does the older " hit and miss " 
method of governing. Regularity in running and economical working are 
thus secured simultaneously. 

This improvement in internal combustion engines has been applied as far 
as was practicable, to both petrol and oil engines ; in the case of these engines, 
however, compression cannot be increased so readily and in the same degree 
as with gas engines, but it is now carried to the highest possible limit. In 
oil engines, a larger amount of water-spray is added to the mixture, and the 
possible limit of compression is in this manner increased considerably. In 
petrol engines and, as a rule, in automobile engines, governing by cutting off 
the charge has been altogether given up, and the practice of governing by 
varying the quantity of the charge or the compression of the mixture, com- 
bined with the retardation of ignition, is now almost exclusively adopted. 
Compression in petrol engines can be carried up to 5*5 atms. (80*8 lbs. 
per sq. in.) without the use of water-spray, provided the water cooling is 
entirely satisfactory. 

5 
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The following are the different methods of carrying out governing : — 
(a.) By cutting out and missing an explosion. 

1. By cutting off the fuel supply, but continuing to draw in air and 

compressing it. The best results that have been obtained with this 
system when running light were ten revolutions for one working- 
stroke. 

2. By omitting the supply of fuel and air, and stopping compression. 

Obtained by keeping the exhaust valve open so that no new 
charge but the products of combustion of the preceding charge, 
are drawn back into the cylinder until a fresh working-stroke is 
required. 

3. By keeping the exhaust valve closed. In this case also, part of the 

product« of combustion are not exhausted into the atmosphere, but 
are worked about in the cylinder until a fresh increase of power is 
required. This method is not often employed now. 

(b.) Governing by varying the quantity of the charge ("admission" or 
" quantitative regulation ") is accomplished as follows : — 

1 . By restricting or enlarging the inlet passage by means of a throttle or 

disc valve. 

2. By varying the lift of the inlet valve or the time during which the 

lift takes place. 

3. By accelerating or retarding the closing of the exhaust valve in com- 

bination with an automatic inlet valve. 

4. By forcing back a part of the charge into the inlet valve chamber. 

" Admission " governing results, when sufficiently high compression is 
resorted to, in regular running and satisfactory fuel consumption for small 
loads. This method gives regular ignition for all working, down to 
light loads. 

(e.) Governing by varying the composition of the mixture (" mixture " or 
" qualitative regulation ") can be effected — 

1. By a throttle valve or a disc valve in the fuel vapour pipe, close to 

the inlet valve. 

2. By altering the lift of the fuel valve or the travel of the fuel pump. 

This method is often adopted for automobile engines and is the most 
economical, but, with low compression at small loads, it leads to 
inefficient utilisation of the fuel ; regularity of ignition, when running 
light, is also unsatisfactory. 

3. By varying the quantity of air drawn in by means of automatic or 

hand-operated devices — the flap valve, for instance, as in the case of 
the Daimler Motorengesellschaft's carburettor. 

4. By graduating the quantity of air drawn in for spraying and the 

additional supply, as in the case of the carburettors made by the 
Adler- Fahrrad werke and by Clement. 
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(d.) Governing by retarding ignition cau only be adopted when electric 
ignition is employed — 

1. With sparking plug high-tension ignition, by turning the contact ring 

on the lay-shaft. 

2. With low-tension ignition, by retarding the breaking of the contact and 

simultaneously rotating the armature or the shield. More details 
will be given on this point when describing the methods of ignition. 

Retardation of ignition on the second plan requires complicated and 
expensive devices, but this method is now being more and more widely 
adopted, especially for large automobile machines, where it is commonly 
known as the low-tension magneto system ; it has been used for a long time 
for stationary engines, and every endeavour is being made to simplify it. 

From the above enumeration it will be seen that there are plenty of 
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a, Piston rod of the fuel pomp * b t flttd T *J m^l'M '■:"•%%'• 

pump striking lever ; c, Cnms cm th* lay JE^ 8 *^ J*-^5 

shaft, for operating the levpr ; *! e-, \*evpr T^ tf Pi ^%c 

operating the striking lever ; / t Spring for / HK 1 

varying the speed while the t L ii#i ne is run ji i ug ; \^^ J 

A, Inclined guiding surface on which the 

striking-lever rests and by which it is raised when the speed is too great, when it 

misses the pump rod ; g, Movable pendulum weight, by which the rapid raising of the 

lever is facilitated. 

methods of governing. The attendant's work would, however, be much easier 
if there were greater uniformity in the manner of regulating the running of 
internal combustion engines. 

For the " hit and miss " method of governing, in which valves have to be 
stopped working or held open, inertia governors are the most suitable, or else 
the swinging weight governor, as these come into play at the proper instant. 

In governing by varying the quantity or the composition of the mixture, 
in which system throttling devices have to be kept in a certain position, the 
well-known centrifugal governors are, alone, found to give good results. With 
these, however, it is necessary to ensure that their action shall exactly 
correspond to the behaviour of the engine, and that they do not hunt, i e. 
fly from one extreme to the other. Such defective devices could not bear 
the name of " governors," and would only be a hindrance to the running of 
an engine. 

The use of a centrifugal governor is only possible if a small difference in 
the number of revolutions between speed of running under full load and light 
— the coefficient of fluctuation of speed — is permissible. But the flywheel 
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h, when the sj>eed is too great, comes 
of crank luver be; i k; Small steel plates 
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of the weight a, and which 
hold down the lever d e. ; 
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exhaust- valve oj>erated by 
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Fio. 64. — Centrifugal governor of the Daimler- 
Motorengesellschaft 

a a, Revolving weights with crank-lever cast on ; b, Ad 
justable spring ; c, Stop for the revolving weights, form 
ing also a connection between the guide-bars d d, which 
operate the slip-ring e ; /, Lever operating the mixture 
throttle valve or some other governing device. 



Fio. 65.— Centrifugal governor of the Adler 
Fahrradwerke. 

S, Revolving weight in four parts; A, Governor 
spindle ; R, Toothed pinion for driving the governor 
from the lay -shaft ; II, Socket with slip ring on which 
the crank lever of the weight« acts, and inside which is 
fitted the spring which tends to drive the weights down- 
wards. (The remaining references apply to ignition. ) 
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must be so heavy that the increase of speed produced by one single working- 
stroke is not equivalent to or greater than that corresponding to the sensitive- 
ness of the regulator. If these conditions are not fulfilled, even the best 
constructed governor cannot adjust itself, but will, at each working-stroke, 
be driven from one extreme to the other as soon as the number of revolutions 
of the engine departs from normal. 

Governors must always be designed so that the speed may be regulated 
by hand while the engine is running. With automobile engines hand and 
automatic governors are generally provided, each being completely inde- 
pendent of the other, the automatic governor being provided solely in order 
to prevent racing of the engine. 

Figs. 62 to 65 illustrate the various types of inertia and flywheel 
governors. 

Starting Devices. 

One of the greatest drawbacks in iuternal combustion engines is their 
failure to start automatically, as do steam engines and electric motors. Only 
small engines can be started by hand. In slow-speed stationary engiues of 
over 2 h.-p., the effort needed to overcome the compression in the cylinder 
is bo great, that one man is hardly able to start an engine alone, and devices, 
such as startiug valves and compression relieving appliances, are resorted to. 

The starting valve takes the form of a relief valve, which can be clamped 
down when desired, screwed into the cylinder wail a certain distance along 
the bore ; and it acts in the following manner : — The portion of the charge 
which is contained in that part of the cylinder, extending from the commence- 
ment of the stroke to the place where the valve is fixed, is allowed to escape 
through this valve, and only the remaining portion of the charge is compressed. 
Resistance to turning will be reduced proportionately. When the engine has 
reached its normal running speed, the starting valve is screwed down tight 
and the whole charge is compressed in the proper way. 

For relieving compression a device is provided by which the exhaust valve 
is also made to act as a relief starting valve. For this purpose, a second 
small cam is provided in addition to the exhaust cam. This causes the 
exhaust valve to lift for a short time at the commencement of the compression 
period, allowing a portion of the mixture to escape into the atmosphere, the 
remainder only being compressed, with the result that the resistance can easily 
be overcome by hand. The shorter cam is much smaller than the proper 
exhaust cam, and by sliding them on the lay-shaft either the exhaust cam 
alone or both the cams are set into gear. 

Another device for starting small engines is the starting handle, which is 
used with automobile and boat engines. These engiues have such small fly- 
wheels that starting cannot be effected in the manner usual with small-power 
engines, i.e. by turning by hand, pulling on to the flywheel rim. For these 
engines a hand-crank is provided, keyed on to an extension of the crank 
shaft close to the flywheel, which it drives by means of a ratchet or catch. 
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For starting the engine, the catch engages so as to turn the flywheel ; as soou 
as the engine commences to run faster than the crank can follow, the latter 
is thrown out of gear by the back of the ratchet teeth, and as it no longer 




Figs. 66 and 66a. — Fischer safety crank. 

The slanting surfaces on the catch L of the locking-bar K are so designed that the engine 
crank-shaft is only engaged when the arm is driven in the slit with a certain amount of 
force. This is produced automatically by taking hold of the handle F. Should premature 
ignition occur, the catch L is thrown out of gear. The handle thus becomes disengaged 
from the engine shaft, and only a slight shock is felt. 

B, Catch socket ; D, Crank ami ; K, Catch bar ; F, Crank handle ; G, Pin connecting 
handle with catch-bar ; K, Catch-bar with catch L ; J, Guide for catch ; C, Screw, fixing 
catch socket to end of shaft. 



revolves, it can be drawn forward without danger. In automobiles, the crank 
is held out of gear by a spiral spring. 

The use of the starting-crank is attended by a certain degree of danger, 
especially in engines which work with non-mechanically operated ignition of 
the hot-tube type, and also in the case of electric ignition when retardation 
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of the spark has been overlooked. In either case, ignition may occur pre- 
maturely and the flywheel be driven backwards ; the crank is not thrown out 
of gear, and may injure the driver. The lighter the revolving parts of the 
engine, the more dangerous may be the blow from the crank, and special care 
must be given to this detail in high-speed automobile and boat engines. This 
has led to the introduction of safety hand-cranks, which are disengaged 
automatically when premature ignition occurs on turning the engine. Figs. 
66 and 66a illustrate one of these, manufactured by the Fischer Works, 
Frankfort-on-Main. 

Cylinder Lubrication. 

The lubrication of the cylinder and piston is carried out in internal 
combustion engines under much more unfavourable circumstances than in 
steam engines. Not only is the temperature of the rubbing surfaces in the 
cylinder much higher, but the interior of the cylinder is also in communication 
with the atmosphere during each suction- stroke. As the outside air is laden 
with dust, this is carried into the cylinder and adheres to the oil inside, causing 
a considerable amount of wear to take place. 

In this respect automobile engines are extremely badly placed, and in spite 
of the greatest care, the dust of the roads has a most detrimental effect. 
There are a number of stationary engines which draw the air they require 
from engine-rooms charged with dust, the cylinders of which are often, in the 
course of one year, so worn down that they have to be machined afresh. For 
this reason, the pistons of internal combustion engines have to be made much 
longer than those of steam engines, even when crossheads and slidebars are 
employed. 

Under favourable conditions, the cylinder and piston of an internal 
combustion engine which is maintained in good working order, may be taken 
to last ten years. This applies to a stationary engine of the best make, which 
runs at a maximum speed of 250 revolutions per minute, and for not more 
than ten hours a day. The other main parts of the engine last longer. The 
greater the speed the shorter will be the life of the engine. The cylinder of 
an automobile engine which runs at 800 or 1000 revolutions, and works for 
ten hours every day under full load, will not last out ten years ; it may be 
considered as satisfactory if it lasts for two or three years. The quality of 
the lubricating oil and supply of the right quantity, have a great influence 
on the maintenance of the cylinder and piston. There are oils which, when 
used in too large a quantity, prove just as harmful as does insufficient 
lubrication. 

For ascertaining the suitability of a cylinder oil and the right amount to 
supply, the following points will be found of value : — 

1. On drawing the piston out of the hot cylinder, both the cylinder wall 
and the sliding surface of the piston must be found to be covered 
with a regular coating of oil. 
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2. This coating of oil should be transparent, showing up the metal 

surfaces, and should not leave a brown or black mark on the 
finger. 

3. Carbonised oil should not form too large deposits in the valve chambers 

and on the valve heads. 

4. A dark-brown thick substance must not drip from the cylinder mouth 

while the engine is running. 

From the above it follows that the suitability of a cylinder oil can only be 
ascertained by an actual test with the engine itself. Animal or vegetable 
oils, which were formerly exclusively used for the lubrication of engines, 
decompose or carbonise at comparatively low temperatures, and are not 
suitable for the lubrication of internal combustion engines. It was only 
when lubricating mineral oils were obtained from the distillation of crude 
petroleum, in the early 'seventies, that the right lubricant was discovered 
for the cylinders of these engines ; and it then became possible to run internal 
combustion engines safely for a long period. 

Good mineral lubricating oils are pure distillates obtained at temperatures 
of about 300° C. (572° Fahr.). The oils distilled at lower temperatures have 
a lower specific gravity than those which are distilled at higher temperatures ; 
they are therefore classified under light and heavy oils. Oils of different 
specific gravity are used according to the size of the engine, the degree of 
compression, and the length of the piston. For the most favourable results 
an endeavour should be made to obtain a coating of oil on the cylinder 
surface, thick enough to ensure good lubrication, the fresh supply being just 
sufficient in amount to make up for the portion which evaporates inside the 
cylinder. 

The oil vaporised within the cylinder mixes with the charge, burns 
with it, and is utilised for power production. When lubrication is care- 
fully carried out, the inside of the cylinder remains perfectly clean. This 
ideal condition lasts only so long as the same quality and quantity of 
lubricating oil is used, and the engine will suffer if alterations are made in 
these respects. 

When the oil is too light, the quantity supplied is not sufficient, it 
evaporates too rapidly, the cylinder becomes dry at the rear end, and wear 
quickly occurs. If the fresh oil is heavier, less of it evaporates, and the 
coating in the cyliuder becomes too thick. Oil vapours are produced, as 
already described in the case of the oil engine working with carburettors, all 
of which are not completely burnt; soot and oil black are produced, which 
remain attached to the cylinder walls, and in this way wear is increased. 
This is generally remedied by decreasing the supply of lubricant until it is 
noticed that the stream of dark-brown thick substance, which ran out of the 
cylinder end on account of too liberal lubrication, ceases, and the surfaces 
gradually resume a bright metallic hue covered with a coating of transparent 
oil, the engine losing none of its power. 
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It is not to be expected that drivers or owners of engines should test the 
quality of every delivery of oil, and ascertain the right proportion required 
for lubrication; it has therefore devolved upon engine-builders to test the 
oil themselves, and to produce such mixtures that their engines, or rather 
the lubricating devices they use, shall always work accurately when one 
brand of lubricant is employed. The engine-builders generally supply tested 
oils at the price quoted by the oil merchant. The specific gravity affords 
one guide for a superficial selection. The cylinder oils have specific gravities 
between 0*900 and 0*960, which are ascertained in the most precise way by 
using an areometer for specific gravities varying from 0*70 to 1. The 
specific gravity can also be ascertained by weighing a litre measure filled 
with oil. 

The acidity of an oil is ascertained by using litmus paper. Blue litmus 
paper will turn red in contact with oil containing acid. To test the coom 
which flows out of the .cylinder for the proportion of iron it contains, it is 
dissolved in benzine, filtered and repeatedly washed with benzine on the 
filter. The soot and carbon can easily be burnt out of the residue, and there 
remains behind only iron or rust powder. The quantity of this residue can 
easily be ascertained by using an ordinary magnet. 

Cylinder Lubricating Apparatus. 

A good cylinder lubricating apparatus should automatically begin to 
supply oil to the engine as soon as it is started, and also should stop 
automatically when the engine stops running. It should also be possible 
at all times to find out what quantity is being supplied. Simple oil- 
drop devices with varying level of oil are unreliable, for the number of 
oil-drops diminishes considerably when the level of the oil falls; these 
devices, moreover, supply less when the oil is cold than when it is warm, and 
more liquid. 

In well-built engines, the cylinder lubricating devices take the form of 
pumps driven off the lay-shaft, which always supply the point to be lubricated 
with a regular quantity of oil. For long pistons and high degrees of 
compression, such as are now mostly used, pumps which deliver the oil 
between the surfaces of the cylinder and the piston are recommended. 
These have also been introduced in large automobile engines. By using this 
method of lubrication under pressure, the point at which the oil is supplied 
can be placed nearer to the back end of the cylinder ; the oil-hole may be 
arranged just at the furthest point reached by the last ring of the piston on 
its outward stroke. The oil must be delivered on to the piston when its 
rings come opposite the oil-hole. If the oil is supplied to the piston without 
pressure, the oil-hole must be placed further forward in a position corre- 
sponding to the front half of the piston on its outward stroke. Otherwise, 
when the piston becomes less tight, it may be possible for the oil to be driven 
back to the lubricator. 



74 



OIL MOTORS. 




Fig. 67. — Lubricator of the Gasmotorenfabrik Deutz. 

i, Rope pulley driven from the lay-shaft ; m t Wire 
by which oil is lifted and delivered to the cup. 




Fig. 68. — Kbrting's cylinder 
lubricator. 

a, Rope pulley driven from the lay- 
shaft ; 6, Outlet to the oil distri- 
butor c ; c, Oil cup in which the oil 
can be seen collecting ; d t Driving 
ropes. 



Fig. 69. — Gasmotorenfabrik Deutz pressure pump. 

1 and 2, Pump piston working in and out by screw 
threads 3, when lever 10 is given a rocking motion ; 
4, Suction valve ; 5, Pressure valve ; 6, Outlet pipe for 
the oil under pressure ; 7, Glass tube fitted with salt water 
in which the oil-drops rise on delivery from the pump ; 
8, Relief valve preventing the entrance of combustion gases 
inside the oil pipes; 9, Boss on the working cylinder to 
which the lubricating apparatus is fixed ; 10, Lover with 
roller driven from the lay-shaft. 



Fig. 70. — Lubricating pump of Blanke 
& Rast, Leipzig-Plagwitz. 

The glass holder is not under pressure, and can be filled at any time 
while the engine is running. The supply can be varied by turning the 
screw on the connecting head. 






Fig. 71. — Blanke k Rast oil distributor for pressure lubrication. 



Fig. 70. 
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Various types of lubricating apparatus are shown in tigs. 67 to 71. 

The oil from the bearings and other lubricated parts is by no means 
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Fig. 72.— Oil cleaning apparatus, with salt filters, by Blanke & Rast, 
Leipzig- Plagwitz (German patent). 

The salt filters free the oil from the dirt and water it contains. The water separated is 
allowed to escape through the cocks J 2 and K. 



valueless ; it may be collected, and, after filtration, used again afresh 
Fig. 72 illustrates a filtering apparatus. 
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Fig. 67. — Lubricator of the Gasmotorenfabrik Deutz. 

i, Rope pulley driven from the lay-shaft ; m, Wire 
by which oil is lifted and delivered to the cup. 



Fig. 68. — Korting's cylinder 
lubricator. 

a, Rope pulley driven from the lay- 
shaft ; b, Outlet to the oil distri- 
butor c ; e, Oil cup in which the oil 
can be seen collecting ; rf, Driving 
ropes. 




Fig. 69. — Gasmotorenfabrik Deutz pressure pump. 

1 and 2, Pump piston working in and out by screw 
threads 3, when lever 10 is given a rocking motion ; 
4, Suction valve ; 5, Pressure valve ; 6, Outlet pipe for 
the oil under pressure ; 7, Glass tube fitted with salt water 
in which the oil-drops rise on delivery from the pump ; 
8, Relief valve preventing the entrance of combustion gases 
inside the oil pipes; 9, Boss on the working cylinder to 
which the lubricating apparatus is fixed ; 10, Lever with 
roller driven from the lay-shaft. 



Fig. 70. — Lubricating pump of Blanke 
k Rast, Leipzig-Plagwitz. 



The glass holder is not under pressure, and can be filled at any time 
while the engine is running. The supply can be varied by turning the 
screw on the connecting head. 





Fig. 71. — Blanke & Rast oil distributor for pressure lubrication. 
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Fig. 72.— Oil cleaning apparatus, with salt filters, by Blanke & Rust, 
Leipzig-Plagwitz (German patent). 

The salt filters free the oil from the dirt and water it contains. The water separated is 
allowed to escape through the cocks Jj and K. 

valueless ; it may be collected, and, after filtration, used again afresh 
Fig. 72 illustrates a filtering apparatus. 



CHAPTER V. 

IGNITION DEVICES FOB OIL AND PETROL ENGINES. 
GENERAL REMARKS. 

The most distinctive feature of oil and petrol engines is the ignition system, 
by which the heat needed for the ignition of the charge is produced at the 
right instant inside the combustion space. The following methods of ignition 
are used : — 

1. Burning gases. 

2. Hot solid bodies. 

3. Electric spark. 

4. By high compression of the heated air. 

The oldest methods of ignition are the electric spark and burning gases. 
Ignition by burning gases was adopted for gas engines up to the middle of 
the 'eighties, but was not used either with oil or with petrol engines, for in 
these engines the gas required for the flame was not available. 

A notable impetus was given to the application of liquid-fuel to engine- 
driving purposes, when it was found possible to use hot solid bodies for 
securing ignition, on the introduction by Daimler of automatic hot-tube 
ignition. But this method also has its disadvantages, for it necessitates, in 
the cases where petrol and similar fuels are employed, the use of a constantly 
burning heating lamp, fed with a liquid-fuel similar to that supplied to the 
engine. The use of these lamps entails risk of fire, and they cannot be said 
to be, in any way, reliable and safe devices; they need constant attention, 
and their use requires experience. 

Besides these disadvantages of a practical nature, hot-tube ignition has a 
further defect in that the timing of the ignition cannot be controlled. It is 
possible, it is true, by resorting to suitable mechanical appliances, to retard 
hot-tube ignition to such an extent that firing occurs after the dead centre is 
passed ; but there is no means of advancing it, if desired, before the dead 
centre is reached. This disadvantage is mostly felt in high-speed automobile 
engines, in which early combustion is absolutely necessary in order to 
develop the greatest amount of power. Attention was therefore re-directed 
to the almost forgotten electric ignition, by which firing at any required 
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instant and at any desired part of the combustion chamber was easily 
possible. With electric ignition no preparation was necessary before 
starting, the readiness of the engine for service being thus considerably 
increased. Moreover, no slides, valves, or complicated arrangements were 
needed, and it could be used without risk of any flame or spark being formed 
outside the cylinder, all of which points were of great practical value. It 
might be supposed from this enumeration that the electric spark provided 
the ideal method of ignition; unfortunately, however, this is not the case. 
Notwithstanding the care which has been bestowed on the simplification and 
improvement of electric ignition, it cannot yet be said that it fulfils all the 
requirements as regards safety and simplicity, which one has a right to 
expect in engines. 

In oil and petrol engines, hot-tube ignition, electric ignition, and ignition 
by highly compressed air are used. 

Hot-tube Ignition. 

Daimler, the founder of the automobile and engineering works " Daimler- 
Mo torengesellschaft," who died in 1899, was the inventor of automatic hot- 
tube ignition. A patent for an ignition tube was taken out as early as 1879 
by Leo Funk, but the action 
of this tube was not automatic. 
Its interior was placed in con- 
nection with the clearance space 
containing the charge, at the 
very instant ignition occurred, 
by means of a mechanically 
operated slide. The character- 
istic feature of the automatic 
hot tube is that its interior 
surfaces are continually in com- 
munication with the clearance 
space and the charge contained 
therein. Funk's invention was, 
nevertheless, of value, and it 
was extensively used in the late 
'eighties and early 'nineties as 
a mechanical system of hot- 
tube ignition. Its use facili- 
tated the starting of large 

engines, in the case of which, when turned by hand, pre-ignition was 
frequent, since it was not possible to give the flywheel the regular speed 
to ensure well-timed action for the ignition tube. The two inventions were 
materially different. Daimler's patent was valid up to 1898. 

The great simplicity of the Daimler tube-ignition system led to its being 
adopted, long before the patent lapsed, by a large number of manufacturers 
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who were unaware that they were thereby infringing Daimler's rights. It 
was only during the last years of his patent that Daimler fought the 
infringements with success. 

Fig. 73 shows the ignition tube in connection with the combustion 
chamber; it is close to the inlet valve b, at the point, therefore, where, on 
the completion of the introduction of the charge, the presence of an in- 
flammable mixture can be relied upon. The tube being closed at one end, 
its interior does not come into contact with an inflammable mixture on the 
admission of a fresh charge, for it remains filled with combustion products. 
It is only during the compression period that a part 
of the fresh mixture is driven inside the tube, when 
the products of combustion it contains are forced 
more and more towards the heated end, and on reach- 
ing the hot zone, the mixture becomes ignited. It 
might be thought that ignition would 
then extend directly to the charge 
contained in the combustion chamber, 
but this is not the case, and more 
frequently this becomes ignited only 
on the completion of the compression 
period, or shortly before this point. 
This is a feature of the Daimler 
hot-tube ignition system. With the 
engine running at its 
full speed, the flame is 
kept inside the tube 
until the instant for 
ignition of the charge 
occurs. 

As soon as a flame 
has been formed at the 
hot zone, the ignited 
stratum of gas is acted 

on by two opposite forces, one being that with which the process of ignition 
of particles of fuel tends to spread backwards to other fuel particles, and the 
other the force of compression driving the mixture inwards. So long as the 
latter is sufficiently great to overcome or neutralise the effect of the rate of 
combustion, the ignited stratum remains in the tube, and it is only when 
the piston nears the end of its stroke and the rate of compression decreases, 
that the ignited stratum works towards the charge in the combustion 
chamber to communicate to it ignition near the dead-centre. The timing 
of ignition varies with the length of the hot tube and ihe position of 
the hot zone. 

For obtaining well-timed and regular ignition, the hot tube must not 
exceed certain proportions, in order to ensure the mixture which can flow 
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into it filling up the whole cross-section. If the tube is of too wide a 
diameter, eddies and counter-currents are set up; the period of ignition 
varies; knocking is produced in the engine and premature ignition often 
occurs, especially at starting. 

The mixture must form, as it were, a piston or plug inside the tube, 
filling up the whole section. This has a great effect on the well-timed 
ignition. A vertical tube acts better in this respect than a horizontal one. 
The tubes are made of porcelain, platinum, and nickel. 

Porcelain is advantageous in that it rapidly becomes hot and maintains 
its heat for a long period ; it resists the chemical action of the hot flame, and 
is cheap. On the other hand, it may easily be broken or cracked if it should 
come into contact with water. Platinum offers a greater resistance to 
mechanical action, but it is very costly and is only used for automobile or 
boat engines. Nickel does not withstand the corroding action of the flame 
so well as platinum, and the wall of the tube has to be made much thicker. 
At the present time only porcelain and nickel tubes are used ; the first are 
often made with a metal end for fitting them to the engine. Figs. 74 to 76 
show porcelain hot tubes of the current dimensions. 




Electric Ignition. 

Although hot-tube ignition is both simple and cheap, the fire risks which 
the use of heating lamps entails and the impossibility of retarding ignition 
within sufficiently wide limits, have contributed largely to a return to electric 
ignition which, as is well known, was 
used in the early 'sixties by Lenoir 
as the means of ignition in his gas 
engine. 

At that early period the many im- 
perfections in the apparatus used for 
producing current and for sparking, had 
thrown electric ignition into disrepute. 
As soon as electro-technics furnished 
more perfect devices, fresh efforts were 
made to render the electric spark of service for internal combustion engines. 

Only a very few years after the invention of the dynamo, this new current 
generator is to be found in use with the old stationary Benz two-stage engine. 
The dynamo was driven from the flywheel by means of a rope ; the current 
was transmitted to an induction coil, the high-tension current from which was 
used for producing the ignition sparks. 

As seen in fig. 77, the lead from the coil was connected to a, whence the 
current passed along the rod e surrounded by the porcelain insulator g into 
the combustion chamber, a number of sparks being formed between the points 
d, e, the circuit being completed through the wall of the combustion chamber 
and wire b. 
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The dynamo and coil were always kept working, and current circulated 
not only during ignition, but also when ignition was not required. Some 
other circuit had therefore to be formed for it, and this was provided by the 
crank lever h, i, so long as the arm h was in contact with the rod c. During 
the period of ignition the crank lever h> e, was placed in the position shown 
by dotted lines. The spark between a and e occurred the moment the 
distance between h and its corresponding contact was greater than the 
distance between the points e and d. In this device sparking also occurred 
outside the combustion chamber during the lifting of the arm h. 

A further improvement in electric ignition was made when a magneto- 
electric device was used instead of a dynamo continuously running. This 
device generated current at the moment of ignition only, and of such a 
strength that an induction coil could be dispensed with. 

So far as the author is aware, these devices were used for the first time 
in 1889 for the petrol engines of the Gasmotorenfabrik Deutz, and were made 
by the firm of Robert Bosch, Stuttgart. 

Besides this new method of current supply, another device connected with 
the sparking arrangement was then introduced. The voltage of the current 
was not great enough to produce sufficiently strong sparking between two 
fixed points, and it was found to be necessary to separate rapidly at the 
moment the current was produced two points in contact with each other. 
By this means, the almost invisible spark could be increased considerably in 
length, and in spite of the use of much lower pressures, ignition was much 
more reliable than with a higher tension current between two fixed points. 

In its original form, the magneto-electric device had long been known. 
Originally invented by Werner von Siemens, with an I-shaped armature, it 
was now applied to electric ignition. It consists of a powerful permanent 
horse-shoe magnet, between whose limbs is rotated an I-shaped armature, 
wound with insulated wire. When the armature revolves, each time the 
coil- windings cross the space between the ends of the magnet, current ib 
formed in the windings. The greater the speed of revolution, and the more 
powerful the magnet, the stronger will be the current generated. 

If the ends of the wire coils of such an apparatus form a closed circuit 
through the combustion chamber, and the speed of the armature be so 
governed that the windings cut the space between the ends of the magnet — 
the poles — at the instant of ignition, the circuit at the ignition point being 
broken at the same instant, strong sparking will take place at the point at 
which the break is made, and the sparking will be stronger as the circuit is 
broken more quickly. This is referred to as breaking contact. 

Both these functions — viz., the rapid rotation of the armature and the 
breaking of the circuit — must not ouly be properly performed at the normal 
speed of the engine, but also when it is working at low speed, as in the 
starting of stationary engines. In order that these conditions may be fulfilled, 
the ignition device must not be driven direct from the lay-shaft, but 
mechanical means must be resorted to, and the lay-shaft be only indirectly 
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of service. As shown in figs. 78 and 79, which illustrate examples of these 
ignition devices, strong spiral springs are used for operating the shield, the 
springs being stretched by a lever and pawl on the lay-shaft, and released at 
the correct moment of ignition. 

The reciprocating action of the heavy armature, owing to its inertia, has 
a bad effect on the bearings, and efforts made to improve this have led Bosch 
to insert between the armature and the sides of the magnet a light rocking 
shield. In this form, the heavy armature is stationary while the shield is 
rocked. The generation of current is not influenced by this arrangement, 
while the necessity of collecting the current by brush contacts is obviated, 
it being taken directly from a motionless armature, as seen in fig. 78. 




Fio. 78. — a, Horse-shoe magnet ; ft, I -shaped armature ; r, Wire coil winding ; 
d t End of rocking shield ; e t Spindle for shield. 



In automobile engines, which can be turned so quickly by hand that 
sufficiently strong sparking is produced at starting, it is not necessary to 
rotate the armature, but it may be driven direct from the larger cam shaft 
by gear or chain transmission. 

Points of great importance in magneto-electric ignition are connected with 
the supply and breaking of the current. The advantage possessed by the 
Benz electric ignition, illustrated in fig. 77, in which the current is led by 
conductors inside the engine, disappears with magneto-electric ignition. In 
the latter, the circuit is broken inside the combustion chamber ; movable parts 
working in glands are necessary, and these may cause numerous failures, to 
which we shall refer later on when dealing with breakdowns, to which engines 
are liable. Fig. 80 shows the circuit breaker which has been most generally 
adopted up to the present. 

6 
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In order to be able to test the circuit-breaking device rapidly at any time, 
both electrioally and for leakage, it is mounted on its support or flange in 
such a way as to be easily removed from the combustion chamber by taking 
out two screws. As is well known, the ignition in an engine running at full- 
speed has to take place much sooner than at starting. The quick-return 
motion of the armature, or rather of the shield, and also the interruption 
action of the ignition lever, have therefore to take place at different periods 
during running, and must be adjustable. So long as the armature and 
interrupter rods are operated by the same springs, the moments of greatest 
intensity of the current and the breaking of the contact coincide. If, how- 
ever, the armature spindle is driven direct from the cam-shaft, as is the case 
in high-speed engines, the moment at which current is at its maximum 
cannot be made to correspond readily with the various instants at which the 
circuit is broken, and both must be adjusted to the altered conditions. As a 
rule, this double regulation is not used, and the breaking device alone is 



Fio. 80. —Ignition mounting. 

1, Inside contact- breaking or ignition lever. 

2, Outside contact • breaking or ignition 

lever. 

3, Contact pin. 

4, Insulating cone, also insuring tightness, 

of soapstone or steatite. 

5, Depth to which the ignition mounting 

enters the engine casting. 



made adjustable, while the working of the armature remains constant. The 
less satisfactory positions of the armature are passed so rapidly that 
sufficient pressure for ignition is produced. It is only in engines in which 
special reliability of ignition is required, and in which a variation of speed 
within wide limits is necessary, that ignition devices in which the armature 
and breaking device can be simultaneously adjusted, are needed. 

The perfect insulation of the fixed contact gave rise to a number of 
difficulties, and all kinds of insulation material have been tried — porcelain, 
enamel, soapstone, mica, etc., — but so far none has been fouud to meet all 
conditions. It is necessary that it should not only be most reliable as an 
insulator, but it must also be able to withstand the high temperature inside 
the combustion chamber, and the mechanical action of the ignition lever in 
striking the fixed contact. Fig. 80 shows one of these devices with soapstone 
insulation. Figs. 81 to 83 illustrate magneto-electric apparatus of the 
Apparatenbauan8talt Fischer, Frankfort. 

The electric contact- breaking ignition, as first introduced, was not 
suitable for high-speed automobile engines, in spite of its many advantages. 
The rocking motion of the movable levers of the contact breaker is 
immaterial in slow-speed stationary engines. At speeds exceeding 400 
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revolutions per minute there is, however, such excessive wear of the pins and 
joints, that for speeds of 800 revolutions and over, its use is absolutely 
impossible. The moving lever contact, though tightly packed at first, soon 
wears and causes leakage, and, on account of the small capacity of the 
cylinders in automobile engines, such loss is very noticeable. 

The automobile builders, in the earlier days, had therefore to be content 
with tube ignition and the old system of electric ignition, in which an 
induction sparking coil was used ; hence they had to look for improvements 
upon these methods in some other direction. Efforts towards this end were 




Magneto-electric igni- 
tion apparatus, with 
rotary armature, for auto- 
mobile engines. 



Magneto - electric ignition apparatus with rooking 
armature shield, and different types of springs for 
stationary engines. 

successful at the time of the great boom experienced by the automobile 
industry in France, and to the firm of Messrs de Dion et Bouton, Puteaux, 
near Paris, are due marked improvements in electric ignition. They 
provided the small high-speed engines, which they were then fitting to 
motor-tricycles, with an ignition device similar to that of Benz referred to at 
the commencement of the present chapter. But a new departure in the 
Dion-Bouton device was the removal of the induction coil, which involved an 
uneconomical consumption of current, and in which the Neef hammer had 
proved to be a very unreliable fitting; while, when using the induction 
coil, the circuit breaking was effected by the electric current itself. In this 
case the engine gearing was resorted to. The description given in Chapter 
VIII. of the old de Dion-Bouton engine, shows the manner in which this was 
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done. A further improvement in electric ignition was introduced by the 
French firm when tbey brought out the sparking plug, which has been very 
generally adopted. 

Accumulator batteries had been improved, and could now be used as a 
source of current supply for electric ignition. The de Dion- Bou ton sparking 
plug supplied with current from a battery became a suitable ignition device 
for high-speed engines ; it was simple and cheap, contained no moving parts, 
and was not dependent in any way upon the number of revolutions of the 
engjne. Since the current is required only at the instant at which ignition 
takes place, comparatively small and 
light batteries are sufficient for long 
journeys. 

As already stated, the early form 
of sparking plug ignition device is 
shown in the old de Dion-Bouton 
engine. Figs. 84 to 86 show later 
forms, these particular ones being 
made by the Neckarsulmer-Fahrrad- 
werke. 

The attempts made to be in- 
dependent of the limited strength 
of the current from the batteries 
while retaining the sparking plug, 
soon led to the adaptation of the 
system of magneto-current genera- 
tion to the production of sparks 
between two fixed points. In order 
to secure this, nothing more was 
needed than to give the current 
generated by the magneto-machine 
a sufficiently high pressure by the use of an induction coil This type of 
ignition device has been improved, especially by Ernst Eisemann & Co., 
Stuttgart. 

Robert Bosch, also of Stuttgart, has succeeded in rendering the current 
generated by the magneto device suitable for application to high-speed 
automobile engines. But he does not use a separate induction . coil to 
obtain a high-pressure current, producing it directly in the armature 
winding. 

The advantages of this high-tension ignition system consist, in addition to 
the abolition of the induction coil with its numerous conductor wires, in the 
fact that the discharges between the points of the plug do not occur as short 
sparks, but as arcs of longer duration. The very hot arc thus formed insures 
regular ignition even with poor mixtures. 

Beyond the one cable from the apparatus to the plug, no further leads are 
required for high-tension ignition. The discovery of faults in the insulation 



Fio. 84. —Sparking 
plug of the Neckar - 
sulmer Fahrrad- 
werke. 

1 , Screwed holder ; 
2, Screwed nut for fix- 
ing in the insulating 
shell ; 3, Platinum 
wire, at the point of 
which the spark is 
produced ; 4, Current 
lead ; 5, Insulator ; 
6, Nut for holding 
the current lead in- 
side the shell ; 7, Ter- 
minal connected to 
the plug with the 
contact breaker. 
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is thereby much facilitated. The timing of the ignition is regulated directly 
by the adjustment of the apparatus, to which a movement through 40° is 
allowed, measured on its axis, and ignition is advanced or retarded according 
as the contact breaker is turned one way or the other. This possible move- 
ment of the contact breaker corresponds to an angular movement of the crank- 
shaft of 50* in three-cylinder engines, 40° in four-cylinder engines, and about 
27° in those having six cylinders. 

Figs. 87 and 88 illustrate a high-tension ignition apparatus ; fig. 89 is a 
diagram of connections for the apparatus in a four-cylinder engine ; fig. 90 
shows the plug used for high-tension ignition. 




Figs. 85 and 86. — Contact breaker of the Neckarsulmer Fahrradwerke. 

19, Casing containing the device ; 27, Contact piece pivoted on the centre 34 ; 26, Screw 
contact tipped with a platinum point ; 25, Spring which forces the contact-lever 27 against 
the screwed contact piece ; 35, Arm for turning the casing for throwing the ignition out of 
gear ; 33, Hard rubber insulation ; 32, Terminal nuts for clamping the wire conductor. 

The great advantages of the make-and-break device, namely the high 
temperature and the beneficial effect it has in producing promptly wide- 
spread ignition of the charge, have stimulated efforts to make this form of 
ignition applicable also to automobile engines. The main obstacle, as already 
stated, lies in the rapid wear of the interrupter rod and the liability to 
leakage of the rocking ignition lever gland. By reducing the weight and 
shortening the travel of the rocking parts, and by increasing as much as 
possible the length of the bearing of the ignition lever shaft, it has been found 
possible to increase their life sufficiently for them to be used on automobile 
engines which do not run at too high a speed. There are to-day quite a large 
number of automobile manufacturers who always use make-and-break ignition. 
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Figs. 91 and 92 illustrate one of these devices with its magnet, made by 
Robert Bosch, Stuttgart. 

In place of the rods shown in fig. 91, for operating the interrupter lever, 




Figs. 87 and 88. — Bosch high-tension ignition 
apparatus for three-, four-, and six-cylinder 
automobile engines. 

1, Brass end plate on the primary winding ; 
2, Set screw fastening fixed contact and contact 
breaker plate ; 3, Fixed contact ; 4, Revolving 
contact breaker plate ; 5, Long platinum screw 
contact point ; 6, Contact breaker spring ; 7j Mov- 
able contact breaker ; 8, Condenser ; 9, Slip 
ring ; 10, Carbon brush for collecting current ; 
11, Brush holder ; 12, Bridge connection ; 13, 
Carbon for current transmission to distributor ; 
14, Rotary distributor or commutator ; 15, Dis- 
tributor carbon brush ; 16, Distributor ring 
containing metal segments ; 17, Metal segments 
let into distributor ring ; 18, Lead terminals ; 
19, Fibre discs ; 20, Lever for adjusting timing 
of ignition ; 21, Dust-proof cover ; 22, End cover ; 
23, -Cover clamp ; 24, Terminal for short circuit 
cable ; 25, Spring for holding cover of contact 
breaker ; 26, Cover of contact breaker j 27, Boss 
to which is fixed spring 25 by screw and nut 28 ; 
29, Short platinum screw contact ; 30, Stop to 
limit adjustment movement of contact breaker. 



it is usual now to employ vertical cam-shafts driven from the lay-Bhaft by 
worm or bevel gearing, having at their upper ends suitable cams which work 
the interrupter levers arranged horizontally in the cylinder head. By this 
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mean 8 the working is rendered much easier. The magnets supplied by 
Bosch for this quick-acting breaking device are shown in fig. 92. 

Another method of breaking circuit was introduced in America in the 




Fig. 89. — Diagram of connections of a high-tension ignition apparatus for a 
four-cylinder engine. 

middle of the 'nineties. The break of contact was practically made by a 
horizontal ignition lever inside the cylinder, worked from within the working 
cylinder itself. The action took place at the correct instant, that is to say, 
shortly before the piston reached the end of its stroke ; all rods were abolished, 



Fio. 90.— Plug for Bosch high-tension 
ignition. 

1, Screwed plug. 

2, Packing. 

3, Conical ring for holding insulator. 

4, Steatite insulator. 

5, Terminal screw for the lead. 

6, Nuts for holding the current-carrying 

pin in place. 
7 and 8, Washers. 
9, Packing. 
10, Current conductor. 




as was also the gas-tight gland of the interrupter lever. The speed of the 
piston shortly before reaching the dead-point is, it is true, but small, and the 
occurrence of misfire when the engine is working at a very low speed, was not 
improbable. Experience, however, proved that with the smaller engines these 
difficulties could easily be overcome. In spite of the fact that with this 
method of ignition the advantage had to be abandoned uf retarding ignition 
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Fio. 91. — Adjustable contact-breaking device by Robert Bosch, for a four-cylinder 
automobile engine. 




r'lG. 92.— Bosch ignition apparatus, with rotary annature for high-speed engines 
with con tact- breaking device. 

1, Double magnet ; 2, Armature ; 3, Insulating screws ; 4, Current collector ; 5, Current 
collector screws ; 6, Front washer ; 7, Back plate ; 8, Felt core ; 9, Leather disc ; 10, Core 
holder; 11, Carbon brushes; 12, Brush holders; 13, Lubricating cover; 14, Screw for 
lubricating cover; 15, Spring for same; 16, Zinc cover plate; 17, Screw for same; 
18, Washer of armature shaft ; 19, Nut for armature shaft. 
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while the engine was running, and by these means ensuring the most 
favourable consumption of the fuel, " piston contact ignition " has been fairly 
widely adopted, and, owing to its great simplicity, is still employed. The 
Maurer Union, Nuremberg, are among those manufacturers who have paid 
special attention to the development of this particular method which they 
use to a considerable extent on their automobile engines. 

There remains to be mentioned a still more recent system of make-and- 
break ignition, which combines the advantages of the plug with the older 





Bosch magneto-ignition plug (Honold system). Elevation ; vertical section ; 
details of connections. 

1, Contact - breaking lever; 2, Pole piece; 3, U-shaped spring; 4, Irou casing ; 
5, Magnet coil winding ; fl, Current conductor ring ; 7, Current conducting pin ; 8, Mica 
disc ; 9, Thumb screw for wire lead ; 10, Current conductor plate ; 11, Insulator ; 12, Mica 
ling ; 13, Upper magnet cap ; 14, Brass ring ; 15, Brass distance piece ; 16, Screwed ring ; 
17, Centering washer ; 18, Mica plate ; 19, Main insulating ring; 20, Contact to breaking 
lever ; 21, Contact on plug ; 22, Steatite core ; 23, Lower magnet cap. 



break devices. Attempts were made about six years ago to utilise electricity 
as a means of breaking coutact, in addition to its employment for the actual 
formation of sparks, using in one well-known form an iron core wound with 
wire, the iron forming a magnet when the current flows through the wire. 
The power so generated operates the ignition lever or point situated inside 
the combustion chamber. 

The firm Robert Bosch has also taken up the manufacture of one of these 
ignition devices, and some time ago introduced it under the name of the Bosch 
magneto plug-ignition, Honold system. This is shown in figs. 93 to 95. The 
plug is operated by a magnet of the usual type. 
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The conductors for the electric current and their connections form a very 
important part of electric ignition ; the connections often need to be soldered, 
and must be capable of withstanding great vibration. Copper wire wound 
with one wrapping of insulation is not suitable for these conductors. They 
are subject to repeated bendings, and the insulation quickly becomes damaged ; 
the wire often breaks inside the insulation, the circuit is then broken, and as 
frequently no outside defects are evident, it is difficult to locate the trouble. 
These imperfections are best prevented by the use of cables, in which the 
connection is not dependent upon one single stiff wire, but is formed of a 
number of very thin wires wound together, and rubber insulated. Such 




Fio. 96. Fig. 97. 

Cable eye of the Apparatenbauanstalt Fischer, Frankfurt 

Fig. 96 shows the manner of fixing the cable in the eye. 
Fig. 97 shows the connection complete. 

cables are very flexible, and are also suitable for high pressures. With cables, 
however, the difficulty lies in the terminal connections, and special eyes are 
necessary. Figs. 96 and 97 show a cable terminal-eye. 

From the above description of the development of electric ignition, it will 
be seen that difficulties have not been wanting in the work of improving this 
important adjunct to internal combustion engines. The latter have not been 
simplified by the improved methods of electric ignition, and finality of improve- 
ment has by no means been reached. 



CHAPTER VI. 

EXAMPLES OF STATIONABT PETROL AND ALCOHOL ENGINES. 

Petrol has excellent properties as a fuel for internal combustion engines, 
but the great risk of fire its use entails, its high price, and the low degree of 
compression which is possible for the charge, have long stimulated research 
for some other kind of fuel. As pointed out in the third chapter, the efforts 
made in this direction have been successful. Crude benzol, " ergin," and the 
mixture of both with alcohol, have resulted in fuels which can not only 
replace petrol, but are even much superior to it for certain purposes. In 
stationary engines and portable engines, petrol is now seldom used, except in 
the case of small installations. 

Crude benzol, " ergin," and alcohol are not so volatile that the formation 
of an explosive mixture can be procured by the simple spraying method as is 
the case with petrol. With the former the mixture of fuel spray and air must 
be passed, as soon as it is formed, through a heated chamber so that the spray 
may be converted into vapour and the mixture with air be rendered more 
complete. 

The heating medium for such chambers is generally a portion of the hot 
exhaust gases. This method of heating renders necessary the starting of the 
engine with some other more volatile fuel. The engine must be run with this 
fuel until the required temperature is reached ; the power developed by the 
engine by the heated and therefoie less dense charge, will be reduced. The 
simplicity and reliability of this method is, however, so great that it is 
frequently adopted. It is only of disadvantage when the warming up is 
carried further than is necessary. 

In the construction of engines which have to work economically with 
benzol, " ergin," and alcohol, the wanning device needs to be made adjustable 
to suit exactly the volatility of the fuel used. 

Among the first manufacturers who applied devices utilising exhaust 
gases to their liquid-fuel engines, were Messrs Gebr. Körting, Hanover. 
Figs. 98 to 102 show one of these engines, which can also be worked with 
paraffin. 
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2, Cylinder cover with valve chest. 

5, Inlet valve chest. 

6, Inlet valve. 

7, Inlet valve spring. 

10, Exhaust passage. 

11, Exhaust valve. 

12, Exhaust valve spring. 

16, Cover of fuel-heating chamber. 

21, Entrance of exhaust gases used 

for heating the chamber. 

22, Valve for regulating heating. 
26, Exhaust valve lever. 




27, Inlet valve lever. 

28, Inlet valve cam. 

29, Connecting rod for opening inlet 

valve. 

31, Governor spindle. 

32, Regulator crank. 

33, Governor rod. 

34, Throttle valve for governing. 



Fio. 100.— Korting's liquid-fuel 
engine (section). 



1 , Striker for the arm 

oil the spindle 
of the magneto 
armature. 

2, Arm on the arma- 

ture spindle. 
4, Lead 

7, Interrupter or 

trip- rod. 

8, Lug by which 

ignition can be 
varied. 

10, Spring for draw- 

ing back the 
armature. 

11, Lever on the ar- 

mature spindle. 

13, Exterior arm of 

interrupter. 

14, Disc on the side 

shaft which car- 
ries the stop 1. 




engine 
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" |lf|l | '■' 
Fuel consumption — 

Using petrol, 0*25 to 04 kg. (*55 to '88 lb.) per h.-p. hour. 

Using petrol plus 92 per cent, alcohol, 0'37 to 0*5 kg. (*81 to 1*1 lbs.) per h -p. hour. 
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Stationary Liquid-fuel Engines working with Petrol, Benzol, Paraffin, 
Alcohol, "Ergin," etc., built by the Gasmotorenfabrik Deutz. 

Horizontal slow speed engines are illustrated in figs. 103 to 109. The 
engines can work with petrol, benzol, alcohol, "ergin," and paraffin. The 
engines have to be tested thoroughly for each kind of fuel. The formation 
of the explosive mixture is effected by means of pumps and an atomiser, or 
by means of a vaporiser. Cooling is carried out by water circulation or by 
evaporation. When working with "ergin," alcohol, and paraffin, the engine 
must be started with petrol. 




Fio. 103. — Deutz slow-speed liquid-fuel engine, in which the mixture is formed by 
means of a pump and an atomiser (side elevation). 

A, Working cylinder ; h, Fuel pump ; u u' t Fuel pipe ; o, Mixing chamber ; /, Air 
regulation ; t\ Chamber for the atomiser ; p\ Inlet valve rod ; n, Inlet cam ; r r', Lever for 
working the fuel pump ; w 2i Lay shaft. 
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Fig. 104.— Deutz liquid- 
fuel engine. (Section 
I, II of fig. 103.) 

c, Air inlet. 

f, Air regulating cock. 

g, Fuel atomiser. 

o, Mixing chamber. 
p, p'\ Inlet valve lever. 
p\ Inlet valve rod. 
u' 9 Fuel pipe. 
D, Exhaust flange pipe. 
c, c\ t, Rods connected to 

magneto. 
b w, Trip rod. 
U, Ignition mounting 

flange. 
n\ Pump lever roller. 
w 2 , Ignition rod disc 

crank. 



Z 7 " 



Fio. 105. — Deutz liquid - fuel engine. 
(Section through valves in engines with 
pump and atomiser. ) 

p t p", and;/, Inlet valve levers and rod. 

C f Inlet valve. 

n, Inlet cam. 

D, Exhaust valve. 

m, Cam for exhaust valve, 
m', q, Exhaust valve lever. 
r, /, Pump lever. 

to, Lay shaft. 
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Fig. 106. — Deutz liquid- fuel engine, tiaiiyj ■ 
vaporiser (Ion gi t utii j ud s^ct ion). 

H, Float chamber. 

i, Float valve. 

e f Vaporiser. 

o, Outlet for fuel. 

5, Fuel pipe. 
D, Air inlet. 

L, Holder for petrol lo« starting, 
m, k t r, Device for effecting thö change üf frul 
after starting. 





Fig. 107. — Deutz liquid-fuel engine fitted 
with evaporation cooling jacket. (Sec- 
tion. ) 

The cooling jacket of the cylinder is 
widened out at top and is closed with a 
cover. The water level is shown by a 
gauge. All the water is evaporated and 
the steam formed escapes into the atmo- 
sphere. 
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Fig. 108.— Deutz liquid-fuel engine. 
Details of ignition. 

W, Exterior arm on interrupter. 

W, Interrupter arm. 

X, X,, X„ Current conductors. 

X 4 , Mica insulation. 

X 5 , Flange for mounting. 

X*, Terminal of conductor. 





Fig. 109. — Deutz liquid-fuel engine with vaporiser. 
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Details of Deutz Liquid-Fuel Stationary Engines, 

in sizes from 4 to 20 h.-p. 
The engines of from 20 to 30 h.-p. are built of different type. 



Designation of size. 



Maximum t Petrol, benzol, paraffin 
horse-power I Alcohol, " ergin 
Price of engine for ordinary purposes, with fuel 

tank, silencer, attendant's tools, oil-can, spare 

parts, and belt-pulley £ *. 

Price of foundation accessories for masonry 

foundations „ 

Price of cast-iron foundation frame . ,, 

Extra for evaporation cooling . ,, 

Speed : revs, per minute .... 

Diameter of belt-pulley ins. 

Rim „ „ 

Width of belt „ 

. L . ... - f»et ewts. qrs. 

Approximate weight of eugine, 

'gross ,, 

Extra with engine for electric driving without 
belt-pulley : 

1. With heavy flywheel and outside bearing : 

(a) with foundation accessories for masonry 

foundations £ s. 

I (ft) with cast-iron floor frame . . ,, 

2. With two flywheels „ 

Engine with one flywheel : 

Diameter of belt flywheel . .ft. ins. 

Belt speed ..... ft. per sec. 

Width of belt ins. 

From centre of cylinder to centre of outside 

bearing: without belt -pulley . . ins. 
With belt-pulley , 

Engine with two flywheels : 

Diameter of belt flywheel .ft. ins. 

Belt speed ft. per sec. 

Width of belt ins. 

Price of engine for power transmission, 
J with two flywheels, evaporation cooling 
(without silencer) £ g. 

Engine for power transmission : 

Diameter of belt flywheel .ft. ins. 
I Rim ,, ,, .... ins. 
j Width of belt - , 

Belt speed ft. per sec.' 



4-25 

4-8 



85 

15 
5 10 
7 10 
350 
IUI 
8i 

12 1 
15 8 



4 S 

76 
2A 

24J 

29* 



3 1 

56 

Si 



90 



2 6 

2} 
45 



6*25 
68 



105 

1 

6 10 

7 10 
350 
13} 

«M 

16 
20 



4 7 
83 

n 

28A 
34* 



3 7 
66 



110 



2 8 

2| 
49 



8'25 
900 



122 10 

1 5 

7 6 

10 

830 

I*! 

HI 

H 

21 

25 1 



9 10 10 
12 10 I 14 
9 10 j 10 



4 11 

85 
31 

29J 
37 



SH 



10-7 
11 -6 



160 

1 6 
8 

10 

300 

19H 

13 

24 2 
30 2 



14 
16 



177 10 

2 
10 
12 10 
280 
23| 
13| 
«1* 
37 1 
44 1 



10 10 11 10 
14 15 10 
10 10 11 10 



5 3 
82 
3}8 

3U 

401 



4 3 
66 
411 



130 , 167 10 



2 9 

71 

46'6 



2 11 

H 
46 



5 11 
85*6 
4, ft . 

35* 
45 



4 7 
66 



k 


m 


18 


23 


20 


25 


227 10 


275 


2 10 


8 


11 


18 


15 


15 


250 


280 


83/, 


39| 


15A 


16* 


7A 


7| 


49 1 


67 


57 


76 3 


19 


21 


28 10 


25 10 


19 

A 11 


21 

1 7 



«Jft 

39a 
49f 



5 8 
68-9 
«1 



187 10 285 



2 11 

m 

3 42*8 



3 3 

10A 
*lt 

427 



90 
51 

441 
551 



6 11 

706 

7A 



282 10 



8 7 
121 

42-7 
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Deutz Stationary Vertical High-speed Engine, with Crank-shaft below, 
in sizes from 1*25 to 36 h.-p. 

These engines are on the lines of automobile engines ; they are built with 
one, two, and four cylinders, and are fitted with the vaporising device shown 
in fig. 106. 




*P7* 



Fig. 110. 
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297* 



Fio. 111. 



Examples of stationary petrol and alcohol engines. 
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OIL MOTORS. 



Stationary Liquid-fuel Engine, using Alcohol, Benzol, "Ergin," Petrol, 
and Paraffin, built by the Maschinenbau- Aktiengesellschaft, formerly 
Ph. Swiderski, Leipzig-Plagwitz. 

This vertical slow-speed engine, of 1 to 15 h.-p., is illustrated in 
figs. 112 to 114. 




Fig. 112. 
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Fig. 113. 



Figs. 112 and 113. 

1, Inlet valve ; 2, Exhaust valve ; 3, Magneto ; 4, Rod working ignition ; 5, Ignition 
mounting ; 6, Regulating valve for controlling the heating of the vaporising chamber ; 
7, Air-regulation valve ; 8, Hot jacket; 9, Exhaust connections ; 10, Air inlet ; 11, Lay- 
shaft ; 12, Governor ; 13, Air pump for fuel tank ; 14, Fuel -pump lever. 
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Fig. 114,— Swiderski liquid-fuel engine. 
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Stationary Liquid-fuel Engine, using Petrol and Benzol, built by the 
Motorenfabrik " Oberursel " A.-G., Oberursel, near Frankfort-Main. 

This vertical slow-speed engine is illustrated in figs. 115 to 118. 




Fio. 115. — Oberursel engine (section through baseplate). 
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III!! 
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Fig. 


116.— 


Oberursel engine (sic 
Figs. 115 and 116. 


!e elevation). 





F, Base plate ; G (fig. 115), Fuel supply ; H, Air valve ; J, Inlet valve chest ; 
L, Ignition mounting ; M, Fuel return pipe ; p, Fuel regulating screw ; V, Mixture 
chamber ; i, Compression release gear ; k, Striker for operating the exhaust valve ; c, Cam 
lever ; «, Governing gear ; r, Lever for governor gear ; y, Electric current conductor ; 
z, Spring casing ; n, Ann on the armature spindle ; o, Cam spring operating the armature 
arm ; q, Movable pin for early or late ignition. 
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Cooling *slcr 
Outlet 




Fig. 117.— Oberursel liquid-fuel engine. 

A, exhaust valve ; N, Cover of exhaust valve chamber ; D, Cooling jacket ; A, Inter- 
rupter arm ; E, Combustion chamber ; w, s f Pawls by which the exhaust valve is held up 
in governing ; v, Chain sprocket for driving the fuel pump ; T, Chain sprocket for 
working the magneto ; R, Governor ; S, Eccentric operating the exhaust valve. 
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Fig. 118. — Oberursel liquid-fuel engine. 
Details op Obeuursel Horizontal Engine, 

using petrol , alcohol, paraßn, illustrated in fig. 119. 



Size of engine in 
effective h.-p. 



Price of engine for ordinary ' 
purposes, including acces- 
sories and spare parts 

Extra, when outside bearing, 
longer shaft, and flywheel 
are required 

Extra, when for electric 
lighting a flywheel gov- 
ernor is supplied, increas- 
ing uniform running to 
about 1 in 70 . 

Foundation bolts and plates 
for brick foundations 



10 



12 



15 



£ s. £ s.\ £ s. £ s. 



£ s. 



130 140 O 1«55 192 10 240 



7 
1 10 



5 

9 

1 10 



6 5 6 5 I 7 10 



I 



10 
2 



11 
2 



18 


22 


30 


£ 8. 


£ s. 


£ s. 


290 


340 


390 



12 
2 10 



I 



7 10 


10 


10 


13 10 


15 


20 


2 10 


3 


4 
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Fig. 119. — Stationary engine working with petrol, alcohol, and paraffin, built by the 
Motorenfabrik Oberursel A.-G., Oberursel, Frankfort-Main. 

Horizontal slow-speed type. Charge supply by pump and atomiser. 
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Gardner Stationary Liquid-fuel Engines, built by Bieberstein & 
Goedicke, Hamburg. 

Figs. 120 and 121 illustrate the horizontal slow-speed type, built in sizes 
of from | to 55 h.-p. 




Fio. 120.— Gardner liquid-fuel engine, type 3 to fi. 
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Details of Gardner Liquid-Fuel Engines, 

illustrated in figs. 120 and 121. 
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Approximate 

weight of 

engine complete. 


Standard belt- 
pulley. 


Flywheel. 
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complete, using : 
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Liquid-fuel Stationary Engines, built by Tangyes Ltd., Cornwall 
Works, Birmingham. 

Horizontal slow-speed engines, in sizes of from 2 to 40 h.-p., are illustrated 
in figs. 122 to 129. 




Fig. 122. — Vertical section of Tangye engine. 




Fir.. 123.— Horizontal section of Tangye engine. 



EXAMPLES OF STATIONARY PETROL AND ALCOHOL ENGINES. 119 




i 



Fig. 125,— Feed juim p fEÄ 
for starting with /■ 



.. 



Fio. 124. — Cross-section of Tangye 
engine. 



Fig. 126. —Electric ignition. 




Fig. 127. — Tangye liquid-fuel engine, using petrol, benzol, and paraffin, for small powers. 
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Fio. 128.— Tangye liquid-fuel engine, using petrol, benzol, and paraffin, for large powere. 




Fig. 129.— Tangye alcohol engine. 
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Liquid-fuel Stationary Engines, using Petrol, Benzol, "Ergin," and 
Alcohol, Söhnlein System, built by the "Solos" Motorengesellschaft, 
Wiesbaden. 

The two-stroke-cycle slow-speed engine is illustrated in figs. 130 and 131. 




Fio. 130. — Söhnlein two -stroke-cycle, valvcless engine. 

1, Fuel inlet port ; 2, Mixture chamber ; 3, Cock for speed governing ; 4, Air passage 
from crank chamber ; 5, Air inlet ; 6, Air passage to working cylinder ; 7, Deflector 
on the piston to guide the new charge into the combustion chamber ; 8, Exhaust port ; 
9, Exhaust pipe ; 10, Opening for ignition device ; 11, Jacket water inlet ; 12, Jacket water 
outlet ; 13, Feed needle valve ; 14, Fuel inlet ; 15, Air inlet. 
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Fig. 131. — Söhnlein two-stroke-cycle valveless engine. 
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Liquid-fuel Stationary Engines, using Petrol, Benzol, "Ergin," and 
Alcohol, constructed on the Banki System, by Ganz & Co., Buda- 
pest, Batisbon and Loebersdorf. 

These are illustrated in figs. 132 and 133. When petrol is used, the 
engine works with a water spray. 

ÖL_ft_ 
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Fig. 132. — Banki engine (vertical section). 
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Fig. 133. — Banki engine (side elevation). 

L /, Combustion chamber ; n, m, Petrol spray and water spray ; t, Regulating nozzle 
for petrol and water ; k, Exhaust valve ; s, Inlet valve ; l\ Exhaust pipe ; G, Strengthen- 
ing ribs in cover cooling jacket. 



CHAPTER VII. 

BECENT STATIONARY ENGINES WORKING WITH PABAFFIN 

AND CRUDE OH. 

As already mentioned, there have been recently no striking improvements in 
the construction of engines using paraffin and crude oil, in which the 
mixture formation takes place during the suction-stroke. The Capitaine 
engine and the Oberursel engine "Gnom" referred to above, are the only 
ones of this kind which have hitherto stood their ground in Germany with- 
out modification of design. To these may be added, as regards Austria, the 
Banki engine shown in figs. 134 and 135. 

Similar remarks apply to the class of engines in which the mixture is 
formed during the compression stroke. In these, the old form of combustion, 
introduced by Akroyd and described in the third chapter, is still to the fore. 
Neither do the newer two-stroke-cycle engines working on this principle, and 
in which a water spray is added to the paraffin spray, present any really novel 
feature ; they form a kind of combination of the Söhnlein valveless two-cycle 
engine, with the Akroyd engine, in which the Banki water spray is utilised. 

In contradistinction to the small progress made with engines working on 
the mixture-forming principle, the construction of those working without 
carburation has been pushed to a high state of development. This system 
is represented by the well-known Diesel engine ; this engine ranks among the 
prime movers, and for cheapness and reliableness, both in medium size and 
large types, it far exceeds all other internal combustion engines. 

The fuel consumption for a 200 horse-power Diesel engine, supplied with 
paraffin of 9789 calories (17620 B.Th.U.) is from about 179 and 183 
grammes ('39 and '40 lb.) per horse-power hour. 

An engine very similar to the Diesel motor, is built by the Gebr. 
Körting Company, Hanover. In this engine the air alone is highly com- 
pressed, and the fuel is driven in at the commencement of the working-stroke 
by specially high compressed air. In contrast, however, to what takes place 
in the Diesel engine, the air used for forcing in the charge is not supplied by 
a separate pump drawing direct from the atmosphere, but, towards the end 
of the compression stroke, a certain amount of the cylinder air at this stage 
already highly compressed, is drawn off and further compressed. This is 
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used to spray in the fuel deposited in the spraying nozzle, and ignition then 
takes place automatically, as in the case of the Diesel engine. 



Stationary Paraffin Engine, Banki System, built by Ganz & Co., 

Budapest. 

(Figs. 134 and 135.) 

This engine works with a vaporiser, which has been described in Chapter 
IV. The ignition tube is heated only when starting up. 




Fio. 134. 



Fio. 135. 



A, water jacket ; B, Cylinder liner ; C, Crank chamber and engine base ; E, Coyer of 
crank chamber ; F, Cylinder top cover ; G, Vaporiser ; H H', Exhaust jacketed air heater ; 
a, Petrol feed sprayer ; b t Water sprayer ; c, Air regulating device ; p, Catch for holding 
up the inlet valve when regulating by cutting out explosions ; m, Lifting lever ; q, Spindle 
lifting the exhaust valve ; K, Eccentric ; A-, Eccentric rod ; n, Governor rod ; o r s, Trip 
mechanism for keeping the exhaust valve open to regulate the speed of the engine. 
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Stationary Diesel Engine, working with Paraffin and Crude Oil, built 
by the Vereinigte Maschinenfabrik, Augsburg and Maschinenbau- 
gesellschaft, Nuremberg, Augsburg. 

(Figs. 136 to H3.) 
The method of working of this engine has been explained in Chapter III. 
The cost of fuel, including cost of transport by rail of the crude oil, may be 
reckoned at £ to 2 pf. (0'03d. to 0'24d.) per horse-power hour, according to 
the size of the engine and the locality. 




Fios. 136 and 137. 
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Fk;s. 138 and 139. — Diesel engine pump, for second stage of air compression, for 
supplying the air for spraying the fuel. 

a and b, Suction and pressure valves of the first stage. 
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Fig. 142.— 120 n.-p. Diesel engine ; built by the Maschinenfabrik Augsburg (front view). 
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Fio. 143. — 120 h.-p. Diesel engine, built by the Maschinenfabrik Augsburg (rear view). 



STATIONARY ENGINES WORKING WITH PARAFFIN AND CRUDE OIL. 133 



S3 

i 



a 
a» 

a 



s 1 

1 1 

w 



o 

3 

< 

a 



o 


o-* 




aooh 


CO CO o o o 

o 
«oaoio 


o 

IM 


3* 1 




io^oo 




r-l »H I-« 


CM rH CM t© CO 


o 


^00 




HHO 


N CM O O O 
kO 

«O O O o -* 


»o 


£CM 




TU NCO 


*"* 


" r-l 




rH rH »H 


CM rH CM -* "* 


»o 


«<* 




C^»O0) 


CO O O OO 

rH tO 
tO N CO CO 


rH 


£<" 




CO »O T* 


*^ i-i 




r-l ip-i r-i 


CN A r-i CO CO 




CO 




ona 


N 


o 


O 




rH 


o 


co 




CM «* CO 




?-l 




I-l I-l I-l 


CM •"* CM CM 




CM 




co o o 


<*» »00 

co 


o 


O 
CO 
r-t r-t 




rH r-4 


00 




WWW 


rH 00 2 rH ■«* 
CM ^ CM CM 




O 




r-t rH r-4 


CM CO CM 


o o O O 
•""• O 


o 


CO 
r-lO 






N 




OHO 


O» N Zl Cft rH 




•""• 




HihH 


rH ^ rH CM 




CO 




o o co 


a» co to o 


o 

CO 


»o 

«h o 




r-t rH 
r-lOr-i 


to 

N 
NNAOOO 




I-l 




r-4 i-l r-t 


r-t rH f» 




CM 




«O (NO 


CÄ » VQ O 


o 
to 


o 
N 

1-4 O 




rH O O 


O 
CO t« 00 co to 




1-4 




HHrl 


rH rH ri 


o 


oo 




CM tO CM 
rH OlO 


»O rH O O 

0^«rH<N 

H» N Hf- 




•"•oa 




rH n 
O O CO 




o 




CÄ N »O »O 


tO 


O M 




rH rH 


O 


Co 

tr-t 00 




o ao oj 


CO 
t* CO to <Ä o 








rH 




o 

CO 


»o« 
a» 

rH 00 




rH 

O 00 oo 

OrHN 

a» oo ao 


rH N O O 

<* «o 2 

2 *> 00 C> 


to 
(M 


v^CM 

O 
«OO 




CO CO CO »o 

rH **»N 




o 




CM CÄ rH 


O rH IO "* 


o 
CM 


tO f-H 

1-1 
cmn 




o» n oo 


i-H r-i »O 
OO 
CM tO ■** »O CO 


»o 

1** 


oo 1 "' 




»NN 


CO CO ^j ^ O 

rH " ^«kO 


(N 


©eo 

tO 

CM^ 




rH CO N 

l-t 

n co co 


CO N- ^ O CO 

<=> "* S 

ri w weo 


o 


10 rH 

to •"■' 




1-1 


o o ^ ^ o 
•""' 00 




<"to 




r- to to 

NN. (M 


O» t|< C"* CM CO 




o« 


CM ■** Co •«• 


oo 








iO 




«"to 




CO O CO 


Co CO W rH CM 




fl £ 




00 c - 




S ,M 




r r : 


Z Z** S ~ 




a> **" 






• 8 

-*^ o 


o 


Cu 


c 


s* 


i ® *- 


Su 




-*-» 


<- § 


fl fl 00 


(V 


> * 

2 


efl 


• «8 53 

'S ? 


53d ' * *'~ r ^' 




o 


9 
o 


00 >. 

.35 


CD 

<~ 2.2 1» 


1 

CO 




t3 

s 

I 


^^ 08 O ößg +» j~ 


93 

a 

o 


O * 

•oil 
ill 


12« 

9 S © 


IIa* £ 

«> ** © o ö« 

Ä Qu < 








HAOQH 


OO X o 
0«°»hS 


o 
o 


o 

HH 

rH r|i IO CO 00 




r-K rH CM rH 


COrH ° 




00 rH 00 IO 


Hr ^»oo 


o 


IO 


CO 


rH CM ^ Oi CO 


CM rH CO 




rH i-h rH r-i 




CM CM r-i O» 


NO 
*^ rr- 00 »O 

CM rH °° 


o 
>o 

CM 


»o 

IO 

rH CM CO 00 ■«* 





r-l rH rH r-i 


CO O Ok OJ 


OCO ^ 

•* 00 CM 


o 


O r-i 

CO 

r-i rH CM CO CO 


CM 


ss^^s 




HHHH 


o 

CO 

rH 


CI CO Co o 

O rH 

co 

r-l r-CM lOCM 






rH rH rH rH 




O CM rH CM 


H NIOO 

ojooooeo o 


s 

rH 


rHOCMiO CM 




rH r-t rH rH 




CO O »O CO 


Ht0 « o o 


o 


iO rH 


CM 

rH 


CO 

nOH^H 


^«»CM 00 ^ 




HHHH 




o 
o 


CM CO »O O 

" O rH 
rH O rH T*« O 


^•«»o »o 

•. »O CM 




,_< r-l —. r-t 




CO CM N. CM 


CÄrH 


o 


O 
on 
nanno 


"oooo 


oo 


^ ,^ r-l CM CO 




HHrl 


rH r -' 




O O O CO 


IHN 
kO N OO 


o 


O r-4 r-> rH 

Oi 

rH 00 O CM a» 


l>» 


tO N"" •"• Zl 




r-< rH 


rH " 


o 


OO CO CM O 

»O r-t 
Oi 

r-t 00 O CM 00 
r-i r-4 

CM O CO CO 


CO • CO 


CO 


^ rH rH 


tO rH 


o 


»O rH 

o 

CI 00 Cto rH 00 

rH 


H H >Oo 

coco^gS 

rH r "' 




O CM O r-t 


°*^ Ä 


o 

HP 


O rH rH 


too 


CM N. CO O 00 


« ö »o 
co co 2 00 




f-H 




rH CO CM CO 


O r-* 


o 

CO 


»O rH 
CO 


r-l r-t CM O 
N • tO 


CM CO OO O W 


rH I« 0O l>» 




r-l 


rH 




I 3 ' 

Ö"* : = 2 


S -<< 




j :2 - 




2 *» 


. .«1 . 




^3 


U O r 

O fl CO 


I 


S3 • 


«♦H . 

1 . . . . 


E 

o 


• .-5 o 


« * 


•^ 


TJi— i * 


'Ei 






a . . 


1 


# 1 SlSLd 


«« eo r. o 

-"ill 

S b 34 Cm "tt 
r? Q < Ü 


C9 


^ ~ '« 


-3 

i 

rH 


■^ |f 

o 1 g 

»4 ft «*H 

1- li 



i 
I 



•a 



134 



OIL MOTORS. 




STATIONARY ENGINES WORKING WITH PARAFFIN AND CRUDE OIL. 135 




Fig. 145. — Trinkler engine, built by 
the Gebr. Körting Co., Hanover 
(section through valve). 

C, Piston for delivering the highly- 

compressed air into the cylinder. 

D, Chamber for the highly compressed 

air. 

E, Equilibrium passage connecting the 

chamber D with the combustion 
chamber. 
G, Overflow passage to F. 

F, Spraying nozzle. 
I, Fuel valve. 

K, Fuel conduit. 

H, Mouth of spraying nozzle. 

The fuel consumption of a 12 h.-p. 
engine supplied with crude oil at a 
calorific value of 9863 calories (17,753 
B.Th.U.) amounts to 221 grammes 
( '48 lb.) per horse-power hour. 




Fio. 146.— Trinkler engine, built by the Gebr. Körting Co., Hanover. 
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A very interesting paraffin engine has quite recently been brought out by 
the Bronsmotorenfabrik, Appingedamm, Holland. This motor works on a 
special system, in that a mixture containing a very slight proportion of fuel 
vapour is formed during the suction and compression period, the charge 
becoming gradually more inflammable as compression increases. By the 
combustion of this mixture, i.e. with an increase in temperature and violent 
collision of the separate particles, a quantity of fuel, which up to this stage 
has been prevented from mixing with air, is all at once atomised and 




Fig. 147.— Paraffin and crude oil engine built by the Bronsmotorenfabrik, Appingedamm 

(Holland). 

vaporised. The fuel vapour thus suddenly formed, comes in sufficiently 
intimate contact with the additional air to form a mixture which forthwith 
ignites. The combustion pressure is thus kept uniform for a short time, as 
in the Diesel engine. The fuel consumption is for these engines very moderate 
with the small sizes. An 8 h.-p. engine takes £ litre (-44 piut) per horse- 
power hour. 

Compression is so great that ignition takes place automatically. The 
exhaust is clear and odourless. 

Fig. 147 is a view of the engine. No details of construction were forth- 
coming. 



CHAPTER VIII. 

AUTOMOBILE ENGINES. 

Thb attempts made to drive vehicles on common roads by power, date 
further back than the invention of the steam engine for hauling loads on 
tracks. Even before Watt's time, attempts were made to apply the steam 
engine, in its very crude, early form, to road vehicles ; French engineers had 
given the problem special attention. We find it recorded that as early as 
1769, engineer Cugniot, of Paris, had succeeded in building a road vehicle 
fitted with a two-cylinder steam engine, with whioh he made trial runs in 
the streets of Paris, and obtained speeds up to 4 kms. (2*4 miles) an hour. 
English engineers also made many attempts to solve the problem. All these 
efforts, however, failed, for the steam engine was not then sufficiently 
developed to meet the many and varied requirements connected with road 
traffic. 

A more favourable field for the development of the steam engine offered 
itself at that time in traction on rails, and in this direction the efforts of 
English engineers were soon crowned with success. George Stephenson 
succeeded in building a locomotive engine in 1829 ; this was put into actual 
service, and has, to this day, remained the model upon which all locomotives 
have been built. 

In view of the experience thus gained with engines for traction on rails, 
it was thought possible to follow out the same type of eugiue for road vehicles, 
and experiments in this direction were continued down to the early 'sixties, 
but without any very satisfactory results. The road vehicle thus evolved was 
not an actual carriage for the transport of passengers and goods — this 
desideratum was not attained, — but the well-known, but then more or less 
primitive road locomobile, such as is used now for operating steam ploughs 
and for road rolling. It was only when the gas engine was introduced, and 
when liquid-fuel was found to be suitable in the place of gas for engines of 
this latter type (i.e. about the late 'seventies and early 'eighties the outcome 
being the petrol engine), that the correct method was forthcoming. 

Numerous experiments carried out with rail traction engines; fitted with 
the earlier motors originally built for stationary purposes, had given satis- 
factory results. It was necessary, however, to still further improve the 
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motors by reducing their weight, and to increase their power by raising their 
speed ; the reciprocating parts had also to be balanced, in order to overcome 
vibration of the vehicle frame. 

The following remarks with regard to decrease in weight, will show to 
what extent progress has been made in the course of a few years. 

The first petrol stationary engines utilised in 1880 for driving railway 
engines weighed about 500 kgs. (over 1100 lbs.) per horse-power. By 1886, 
owing to Daimler's improvements, the weight had been reduced to 40 kgs. 
(over 88 lbs.). In 1896, a further decrease in weight was obtained — for 
instance, in the case of the air-cooled bicycle motor built by the French 
Company, De Dion et Bouton ; this weighed 12 kgs. (over 26 lbs.) per horse- 
power. At the present time the Soctete* " Antoinette," Paris, builds engines 
which weigh only 1J to 1 kg. (2*75 to 2*2 lbs.) per horse-power. In the 
course of twenty-seven years, therefore, the weight has decreased from 1100 
lbs. to 2*2 lbs. All these engines, further, work on the four-stroke cycle, 
only one half of a revolution to every two run by the engine being effective. 
It is quite possible that the valveless two-cycle engine, referred to above, 
will also be found to be applicable to vehicles ; also that fuels will be obtain- 
able which will allow of a higher compression than the petrol now used. If 
such changes occur, automobile engines will be largely increased in power; 
there are also probabilities that the weight of the engines will be reduced 
considerably below the present limit. 

Besides their smaller weight, internal combustion engines have many 
other important advantages over steam engines, which render them specially 
suitable for driving road vehicles. Among these advantages may be men- 
tioned their high thermal efficiency ; the fact that they are always ready for 
working ; the small amount of attention they require ; the highly concentrated 
character of the liquid-fuel they use, which renders storage on the vehicle 
a matter of but little difficulty. All these are points satisfied only to a very 
small degree by steam engines. 

But with all these advantages, internal combustion engines have certain 
disadvantages which should also be mentioned. They are not easily revers- 
ible, and are not readily started, as are steam engines; their power, also, 
decreases out of all due proportion when speed is much reduced. There is 
lacking also uniformity of design : so much so, in fact, that it cannot yet be 
said that a representative type has been evolved, as is the case, for example, 
in steam locomotives. 

In the construction of automobile engines the following features may be 
said to have become standardised :— the vertical construction of the engines; 
the plurality of cylinders ; the arrangement of the valves opposite each other ; 
the mechanically operated inlet valve ; the casting in one piece of cylinders, 
covers, and valve chests. There is still much diversity in ignition devices and 
carburettors. 

Notwithstanding the rapid development in the construction of automobile 
engines, there is yet much room for further improvements. They are still 



AUTOMOBILE ENGINES. 



139 



deficient, more especially as regards durability and economical working, 
features which, if satisfactorily secured, would render them suitable not only 
for pleasure arid sport vehicles, but also for ordinary traffic and commercial 
purposes. The improvement in heavy vehicles is thus a wide field full of 
promise, open to young engineers. In any attempt made in this direction 
these workers will be helped by the fact that the gradually increasing use of 
the engine in daily life will lead to a more general understanding of all things 
mechanical. 



Benz Automobile Engine. 

When referring, in the third chapter, to the development of the petrol 
and paraffin engines, we gave details of the Daimler petrol engine, which has 
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Fio. 148. — Benz automobile engine of 1896 (horizontal section). 

A, Working cylinder ; B, Engine frame ; 0, Crank shaft bearing ; D, Small, ami 
E, Large, pinions driving the valve gear ; e, Exhaust cam ; d t Compression relief cam ; 
/, Hand crank for throwing out of gear the cam roller a, for operating the compression 
relief ; g, Spring which presses against the disc a, for normal running ; O, Contact disc 
for ignition ; n t Contact springs ; q and r, Wire leads ; G, Extension of engine frame ; 
L, Ignition mounting to suit the methods of ignition : I, Insulation ; K, Wire lead ; 
m, Sparking points ; N, Exhaust passage ; M, Additional air valve. 

served as the model for the present automobile engines. Benz, the founder 
of the Rheinische Gasmotoren Aktiengesellschaft, Mannheim, carried out, 
contemporaneously with Daimler, experiments with the object of constructing 
an engine suitable for road vehicles. He first made trials with a horizontal 
engine built exactly on the pattern of the stationary ones for driving his road 
vehicles, and adhered to this pattern, with but slight alterations, up to the 
middle of the 'nineties. 

This older engine is illustrated in figs. 148 and 149. The charge was 
formed in the carburettor then commonly used, in which the air was drawn 
through a large quantity of petrol. 
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De Dion-Bouton Automobile Engine. 

Another important automobile engine was the French De Dion et Bouton 
engine introduced in the first half of the 'nineties. 

Aluminium was used, for the first time, for certain parts of these engines. 
For the first time, also, batteries were used for supplying current for ignition, 
and cooling ribs cast perpendicularly to the cylinder axis, which, besides 
having a good cooling effect, made it possible to reduce the thickness of the 
cylinder walls. 

As new features, mention may also be made of the ignition plug, the use 
of the circuit contact-breaker instead of the Neef hammer, and the increased 




Fio. 149. — Benz automobile engine of 1896 (side view). 

K, Lever for retarding ignition ; A, Exhaust lever ; i, Intermediate lever for reducing 
side-thrust on the exhaust valve spindle ; I, Exhaust valve ; K, Automatic inlet valve ; 
n, Contact spring ; p t Make and break device ; a, Roller on exhaust valve cam lever ; 
F, Exhaust valve cam lever. 

speed, up to 1500 revolutions per minute and over. This engine, as will be 
seen, contained a number of important improvements. All these stood the 
test of actual service, and are in use at the present time. 

Figs. 150 and 151 illustrate the De Dion-Bouton engine as originally 
designed. 



The Canello-Dürkopp Automobile Engine (1900). 

Another forerunner of the present type of automobile engines for heavy 
vehicles is the Canello-Dürkopp system, illustrated in figs. 152 and 153. As 
will be noticed, this is a two-cylinder engine, both cylinders being close 
together and cast in one piece ; the placing of the valve chests on opposite 
sides is also an arrangement now followed. 
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The engine still works with hot- tube ignition and automatic inlet valve. 
A marked disadvantage of this type is the practice of keying the cranks in 
line on the same side of the crank axis and the use of a heavy counterbalance. 
With this arrangement the working-strokes may be made to follow one 
another regularly, but balancing by means of a counterweight on the crank 




cag?™* 



Fio. 150. — De Dion-Bouton engine in its 
original form (vertical section). 

A, Crank chamber of aluminium ; B, 
Working cylinder with radiating ribs ; 
C, Combustion chamber ; E, Exhaust 
valve ; F, Inlet valve ; G, Cock for re- 
ducing compression to facilitate starting ; 
H, Sparking plug ; L M, Shaft journals ; 
K, Crank pin ; O, 0', Distribution pinions ; 
P, Make and break disc for ignition ; 
R, Movable disc for retarding ignition ; 
n, Sparking points ; i, Current lead. 
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Fio. 151. — De Dion-Bouton engine 
(side elevation); 

A, Crank chamber of aluminium ; 
D, Bolts connecting the cylinder cover 
and the crank chamber ; a, b, Current 
leads for ignition ; c, Pins of contact 
breaker spring ; e, Adjustable screw 
contact point ; /, Contact breaker 
spring ; Ä, Head of contact breaker 
spring. 



is at the best very imperfect. The cranks of such engines are now keyed at 
180°, and balancing is thus automatically effected by the employment of 
similarly shaped parts of equal weight, in as perfect a manner as possible. 
The working-strokes, however, are no longer regular, the two following each 
other immediately, after which there occurs an interval of a full revolution. 
Then the two working-strokes again follow one another directly, and so on. 
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Notwithstanding this irregular succession of working-strokes, the vibrations 
on the vehicle frame are not nearly so great as in the case of engines with 
cranks keyed side by side at 0* in line and balanced by a counterweight. 

A special feature of this engine, and one not of sufficient value to be 
adhered to, was the method of speed-governing. This was a hit-and-miss 
system of governing, by keeping the exhaust valve closed and working about 
of the exhaust gases inside the cylinder, in the manner alluded to in the 
fourth chapter, which deals with the various methods of governing. 




Figs. 152 and 153. — Canello- Diirkopp automobile engine. 

A, Working cylinder ; B, Crank chamber ; C, Cylinder cover with valve-chests cast on ; 
D, Automatic inlet valve ; E, Exhaust valve ; F, Exhaust valve cover ; G, Inlet valve 
cover ; H, Counterbalance ; I, Flywheel ; K, Lay shaft ; O, Crank webs ; b t d, c y Cam 
shaft gear ; A, c, Governor which shifts the lay shaft in order that the exhaust valve may 
be kept closed. 



Eecent Automobile Engines. Four-cylinder Engine of the Adlerwerke, 
vorm. Heinrich Kleyer, Aktiengesellschaft, Frankfort-Main. 

(Figs. 154, 155, and 156.) 

The engine casing is cast in one piece with the gear case, as shown in 
fig. 156. The engine is fastened by a separate steel base plate (fig. 155) to 
the vehicle frame ; by this means a stiff and safe support is obtained for the 
crank shaft, forming at the same time a covering for the mechanical parts 
against dust and dirt. 
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All the gears run in oil. The cylinders are cast together in pairs, 
surrounded by a common water-jacket. The ignition devices and carburettor 
are easy of access below the casing. 

Ignition is by the Bosch high-tension device. The carburettor and 
governor are described in the fourth chapter. 




Fio. 164.— Four-cy linder engine of the Adlerwerke, vorm. Heinrich Kleyer A.-G., 
Frank fort- Main (front view). 
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Fi«. 155.— Four-cylinder engine of the Adlerwerke, vorm. Heinrich Klcyer A.-G., 
Frankfort- Main (vertical section). 
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Four-cylinder Engine of the Daimler-Motorengesellschaft, Cannatatt. 
(Figs. 157, 158, and 159.) 

The valves are arranged on opposite sides of the cylinder. The 
carburettor is described in the fourth chapter. Ignition is by contact- 
breaker, in connection with the Bosch magneto-electric apparatus. 
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Fig. 159. — Four-cylinder engine of the Daimler-Motorengesellschaft (front view). 



Six-Cylinder " Hexe " Engine, built by Achenbach & Co., Hamburg. 

(Figs. 160 to 163.) 

In this engine the cylinders are cast separately, and the valves are placed 
on opposite sides of the cylinder. The cooling jacket over the combustion 
chamber is fitted with an easily removable cover. The crank shaft is of 
nickel steel; the cranks are keyed symmetrically at an angle of 120°. 
Ignition takes place in the following order, in cylinders 1, 2, 3, 6, 5, 4, and 
is effected by contact breaking. When desired, the engines are provided with 
double ignition, being fitted with both contact breaker and plug. 

The Claudel carburettor is used ; this allows of a variation in speed 
between 120 and 1800 revolutions. 
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Fig. 163. — Crank shaft of the six-cylinder " Hexe " engine, built by Achenbach & Co., 

Hamburg. 



Four-cylinder Engine of the "Bayard" Automobile, built by A. 
Clement, Levallois, Paris. 

(Figs. 164 to 167.) 

The cylinders of this engine are cast separately, and the valves are fitted 
on opposite sides. Ignition is on the Sim ins- Bosch system. The carburettor 
is of the Clement pattern, described in the fourth chapter. 




Fio. 164. — Four-cylinder " Bayard " engine (side view). 
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Fi«. 165. — Four-cylinder " Bayard " Fiu. 166. — " Bayard " engine (vertical 

engine (front view). section). 




m w #M 



Fk;. 167. — 4I Bayard " engine (Simms- Bosch ignition device). 



Four cylinder Engine of the Maschinenbau-A.-G., vorm. Pb. 
Swiderski, Leipzig-Plagwitz. 

(Fig. 168.) 
This engine runs with paraffin ; it is built on the design of the Swiderski 
paraffin engine described in the third chapter, and is used for driving heavy 
vehicles, such as those used by Messrs E. Troost, Berlin, for their under- 
taking in South-West Africa. 
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Automobile Engine of the Nürnberger Motorfahrzeugfabrik " Union " 

Ltd., Nuremberg. 
(Figs. 169 to 171.) 

These engines run at comparatively low speeds; they have only one 
cylinder for powers of from 4 to 12 h.-p., two cylinders from 12 to 16 h.-p., 
and four cyliuders for 16 to 30 h.-p. As will be seen from fig. 170, the one 
cylinder engine works with piston contact ignition as described in the fifth 




Fig. 169. — Four-cylinder " Maurer-Union " eugine (side view). 

chapter. The pin fitted to the bottom of the piston comes in contact, at the 
end of the stroke, with the interrupter lever, and breaks contact. Current is 
supplied by a Bosch magneto. 



Recent Cycle Engines. 

The prototype of the engines as now used for the propulsion of cycles 

and light cars, is the De Dion-Bouton engine, to which allusion has already 

been made. Besides its light construction, this engine is characterised by 

the system of air-cooling adopted, cooling being facilitated by the radiating 
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ribs cast on to the cylinder, the combustion chamber, and valve chests. The 
fact that water-cooling could not be employed in small combustion engines, 
and that radiating ribs were quite effective, was well known in the 'seventies, 
this method having then been used in the Bisschop engine, built about that 
time by the late Firm of Buss and Sombart, Magdeburg. In this instance, 



Petri? i 
T*nk 







f^ftjust 8 ox 



Fig. 172. — Neckarsulmer cycle engine. 



the cylinder was made with longitudinal ribs, to satisfy special conditions. 
In cycle engines, which work in the open and move in a current of air at a 
high speed, trans verse ribs had naturally to be adopted, as these allow the air 
to strike direct into the spaces between the ribs. 

Without water-cooling, the construction of the engiue is greatly simplified ; 
the vehicle is also lightened considerably, and at the same time made much 
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more independent. These considerations are of special importance in the 
case of engines for air-ship propulsion. 

There are, of course, limits to air-cooling. Its applicability depends upon 
the dimensions of the cylinder and the speed of the engine, therefore upon 
the quantity of fuel which is burned in a given time. For some time now, 
the current of air passing has been increased by fans ; in this connection it 
should be noticed that in order that there should be a sufficient circulation 
of air, and that cooling should not be effected only on one side of the engine, 
two fans are now usually provided, one in front and one in the rear, the 
latter having for its object to carry off the air blown on the engine. The air 




Fig. 173.— Carburettor of " La Motosacoche." 

A, Mixture chamber ; B C, Float chamber ; D, Screwed joint for A, B, C ; E, Float ; 
F, Float valve spindle ; G J, Fuel supply ; H, Float valve ; K, Air regulation ; 
M N, Dipper for driving down the float on starting the engine ; O, Lever for air supply 
regulation ; P, Cold air supply ; T, Connection to inlet valve ; U, Main air pipe. 

can only have a cooling effect when it is, to start with, as cool as possible, 
and it is not to be expected that, in the case of an engine of several cylinders 
placed one in the rear of the other in the direction of travel, the rear 
cylinder can be as effectively cooled as the first one. The heat to be dis- 
persed by cooling can be estimated as follows : — 

Of the 10,300 calories contained in a kilogramme (18540 B.Th.U.) of 
petrol used in these engines, about 15 per cent, is converted into work, 30 
per cent, goes out with the exhaust gases, and no less than 55 per cent, has 
to be removed by cooling. The development of air-ship engines will lead to 
greater attention being paid to air cooling, with a view to its improvement. 

Fig. 172 illustrates, diagrammatically, the cycle engine of the Neckar- 
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sulmer Fahrradwerke. The carburettor and ignition device of this engine 
are described in the fourth and fifth chapters. 



Cycle Engine "La Motosacoche," built by H. and A. Dufaux & 
Co., Geneva, Switzerland. 

(Figs. 173 to 177.) 




Pig. 174. — Vertical section of cycle engine built by H. and A. Dufaux & Co., Geneva. 
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The engines and fittings are mounted in a three-cornered frame of the 
shape of a cycle frame, so that every ordinary bicycle can be converted into a 
motor cycle by insertion of the engine frame. The valve chests are on the 




ur~ 



Fio. 175. — Cross-section of cycle engine built by H. and A. Dufaux & Co., Geneva. 
Pigs. 174 and 175.— A, Cylinder; B, Casing; C, Cylinder head; D, Starting cock; 
E, Regulating screw for equalising pressure in crank chamber ; F, Exhaust pipe ; G, Nut 
for holding down the inlet valve mounting ; Gj, Pressure equaliser ; H lf Guide for exhaust 
valve rod ; M lf Central point of cam lever slot ; P P, Disc of crank ; S, Driving pulley ; 
U, Crank lever for working the exhaust valve ; V, Inlet valve ; V^ Exhaust valve ; 
X, Valve lifter ; Y, Block working in the cam slot. 

front side, and are therefore struck first by the air. The exhaust valve is 
operated by a cam lever working in a slot. Toothed gears are only used for 
operating ignition. 

The 1J h.-p. engine only weighs 1\ kgs. (16-5 lbs.). 
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Kiu. 176.— General viow 
üf the engine wimpl' '■ 
(loft Hide). ™ 



Fia. 1 77.— trDni'iTil view of the «igitic 
BOH}]lJg^ ftigftt rid«). 




A T Ft itno ; H t Screws for 

fixing thü angine frame 

in the cycle ; E, Battery ; 

s C F t Electric win? conduc- 

SV/ * tnr i H, Clamp plate of 

^|F battery ; I; Ignition ping ; 

J t Owlnctor to ignition ping; 

K t Petrol tank \ L, Petrol cut- 

j.ir cock j M, Petrol pip« ; N, 

Carburettor ; O, Lubricating 

oil unk and pump ; Q, SilenctT ; 

'I', l l i insure equaliser for crank casing ; 

U, Ignition current cou tact breaker ; 

V. Ignition control lever. Then? is 

n llH\il»]M t run amission for throttling 

clmrge ; Z, Driving pulley. 
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Cycle Engine of the Wanderer-Fahrradwerke, Schönau, near Chemnitz. 

(Fig. 178.) 

This engine develops 2 J h.-p. at 1800 revolutions. Ignition is by 
magneto and ignition plug. 




77 32 
Fig. 178.— Cycle engine of the Wanderer- Fahrradwerke. 

1, Cylinder; 140, Exhaust connection; 107, Charge entrance; 61, Exhaust valve 
spindle ; 211, Ignition plug ; 69, Exhaust valve rod ; 65, Exhaust valve lever ; 57 and 
53, Gears driving the valve cams ; 55 and 56, Gears for working magneto. 
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Engine of the Maschinenfabrik " Cyklon," Bummelsburg, near Berlin. 

(Fig. 179.) 

This engine develops 3*5 h.-p. The radiating effect of the cooling ribs is 
increased by a fan. 




Fig. 1 79. —-Engine of the Maschinenfabrik * ' Cyklon. " 

1, Working cylinder ; 2, Piston ; 4, Connecting rod ; 13, Gear pinions ; 15, Crank 
shaft ; 16, Counterbalance ; 44, Exhaust valve. 



CHAPTER IX. 
SHIP, BOAT, AND AIRSHIP ENGINES. 

When in the commencement of the last century the American inventor 
Robert Fulton had succeeded in building a steam engine suitable for ship 
propulsion, it was soon found that the steam engine was suited to the larger 
classes of ships only. For boats and small vessels, there was not sufficient 
space available for the boiler and for stoking, and the first cost and the cost 
of working were .besides much too high to allow of the general use of small 
steam-driven craft. A suitable source of power for small craft was only 
forthcoming on the advent of the liquid-fuel internal combustion engine. 
Engines of this type were found to be of sufficiently low cost ; they occupied 
comparatively little space, and required no very skilful attention in service. 
In these new engines, however, reversibility and automatic starting were 
qualities the lack of which was badly felt. Propellers with reversible blades 
or reverse-acting propellers had to be resorted to, in order to cause the craft 
to travel with certainty either forward or backward. Risk of fire, which in 
stationary installations is only, comparatively speaking, an unimportant 
consideration, had to be taken seriously into account in the case of boat 
engines. The lack of a fuel completely free from fire risk is one of the main 
causes which have hitherto prevented motor-driven boats and ships being 
used to the extent that would be desirable for maritime traffic and fisheries. 
In this instance, as in the case of transport by land, safe working and 
cheapness are requirements which remain still to be fulfilled. Most of the 
types of engines would not stand the rough handling they would be likely to 
have to put up with at sea. The first internal combustion engines for the 
propulsion of boats were built by Daimler; in 1886, he fitted a boat with a 
2 h.-p. two-cylinder engine he had built specially for that purpose, and this 
gave good results. He subsequently further successfully developed his 
petrol engine for marine work. The design of these first petrol boat engines 
is shown in figs. 180 and 181. 

The carburettor used was on the pattern of that described on page 26. 
The exhaust valve was operated by the sliding piece ff working in the 
groove gg. From the accompanying illustrations, it will be seen that 
governing was effected by cutting out the charge by holding the exhaust 
valve off its seat. The lever which thus held the exhaust valve open by the 
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action of the governor is marked m n. A valve b is shown in the piston ; this 
was operated on the outer dead centre and allowed the entrance of fresh air. 
Ignition was by a platinum tube. 

Two-cylinder Paraffin Boat Engine, built by the Maschinenbau A.-GL, 
vorm. Ph. Swiderski, Leipzig-Plagwitz, in 1895. 

This engine works with paraffin and heavy oils in the same way as the 
Capitaine engine described in the third chapter. In this engine also, the 





Figs. 180 and 181. —Daimler boat engines built in 1890. 

cranks are set at 0°. Speed is regulated by hand lever. These engines are 
built by the firm in large numbers, both for use in the country and for 
export, and give good results. These engines are shown in figs. 182 and 183. 



"Sleipner" Boat Engine, built by the Gebr. Körting A. -Gr., 
Körtingsdorf-Hanover. 

(Figs. 184 and 185.) 

This engine can work with petrol, benzol, alcohol, or paraffin. When 
using the latter fuel, the engine has to be started with petrol, and run with 
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it until the combustion chamber has reached the required temperature. 
Ignition in the case of engines up 
to 30 h.-p. is high-tension magneto- 
electric. For larger engines, the 
low-tension magneto-ignition is used. 
If desired, plug ignition and an ac- 
cumulator are added to the latter. 

Oiling is not effected by splash- 
lubrication from the crank chamber, 
but every part has its own lubri- 
cator by which the required amount 
of oil is distributed. 

The silencer is water cooled. 



Figs. 182 and 183.— Swiderski boat 
engine. 

A, Exhaust valve chest ; b, b u Re- 
duction gear ; c, Exhaust valve lever ; 
dt 9* h> i, Hand lever regulation ; a, Lay 
shaft ; /, Hand lever for speed governing ; 
p t q, n, Starting device ; o, Tightener for 
starting belt ; m, Lenz pump. 

Fig. 182. — Vertical section. 




ctJ 




Fig. 183.— Side elevation. 
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Fio. 184. — " Sleipner ,: boat engine (section through cylinder). 
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The Körting Paraffin Engine for Submarine Boats. 

This is a valveless two-cycle engine. The crank chamber does not act as 
a mixture pump, a special pump being provided for the purpose. This is a 




Flo. 187.— Section through the engine-room of a submarine fitted with the Körting 

paraffin engine. 



scavenging machine. Between the introduction of a fresh charge and the 
exhaust of combustion gases, a charge of air is drawn in. 
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The engine has six cylinders water-jacketed in pairs. There is a 
vaporiser and one exhaust pipe for every two cylinders. The only mechanism 
besides the main driving gear — i.e. pistons, connecting rods, and shaft — is 
that for the ignition contact-breaker. As mentioned in the third chapter, 
the heating of the vaporiser and combustion chamber is done by electricity. 
The submarine boat being driven under water by an electric motor supplied 
with current from a large accumulator, there is sufficient current available 
for starting the engine and for heating purposes. The electric heating is so 
rapid that the engine can run on paraffin after four or five minutes. Petrol 




Fio. 188.— Deutz boat engine driven with paraffin. 



and other dangerous liquid-fuels liable to cause explosions are not taken on 
board the submarine at all. 

Fig. 186 is a side elevation of the engine, and fig. 187 a section through 
the engine-room of a submarine. 

Fig. 188 illustrates a paraffin boat-engine built by the Deutz Grasmotor- 
enfabrik. 

Figs. 189 to 191 illustrate a paraffin boat-engine on the Gardner system, 
as built by Bieberstein & Goedicke, Hamburg. 

According to their size, the engines run at 500 to 800 revolutions per 
minute. They work with cut-out governing, but the exhaust valve is not 
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held up, the charge inlet valve, on the other hand, being kept closed. In 
addition to the positively controlled charge valve, these engines are fitted 
with a second automatic inlet valve, through which air only is drawn 
in. Air also enters the cylinders through this valve when the charge 
inlet valve is closed by the governor. Warm water drops on to the 




Fig. 189. — Gardner one-cylinder boat engine, using paraffin. 



latter valve, and is removed in the form of steam and water-spray by 
the inrushing air; this lowers the internal temperature and enables a 
higher compression to be used. 

The working of the engine is thus rendered more economical ; it runs also 
more smoothly, and inside cleaning is but seldom required. The fuel-evapor- 
ating chamber is kept heated by a lamp. 
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Boat-engines built by Heinrich Kämper, Berlin-Mariendorf. 
(Figs. 192 and 193.) 

These engines work with petrol, alcohol, and paraffin. The fuel-tank is 
placed on a lower level than the carburettor, and is not under pressure. A 




■ AKMITAiil 



Fig. 191. — Gardner two-cylinder boat engine, using paraffin (cross-section). 



pump delivers the fuel into a small overflow tank, from which that not 
utilised flows back to the main tank. Low-tension magneto-electric ignition 
is used. 

In all the engines, the inlet valve is positively controlled. Both the ex- 
haust and inlet valves are made of nickel steel, and cannot therefore become 
rusty. The water-jacketed spaces are provided with a cover for cleaning-out 
purposes. In the engines having several cylinders, the exhaust pipe is water- 
cooled. 



172 



OIL MOTORS. 




1 

a 

8 



a 



a 
'Sc 

a 



i 



o 









SHIP, BOAT, AND AIRSHIP ENGINES. 



173 



Boat-engines built by Heinrich Kämper, Berlin-Mariendorf. 
(Figs. 192 and 193.) 

These engines work with petrol, alcohol, and paraffin. The fuel-tank is 
placed on a lower level than the carburettor, and is not under pressure. A 
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Fig. 191.— Gardner two-cylinder boat engine, using paraffin (cross-section). 



pump delivers the fuel into a small overflow tank, from which that not 
utilised flows back to the main tank. Low-tension magneto-electric ignition 
is used. 

In all the engines, the inlet valve is positively controlled. Both the ex- 
haust and inlet valves are made of nickel steel, and cannot therefore become 
rusty. The water-jacketed spaces are provided with a cover for cleaning-out 
purposes. In the engines having several cylinders, the exhaust pipe is water- 
cooled. 
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Fig. 192. — The Kämper one-cylinder boat engine. 



Ktü. 1 Da.— Tbc Küiop<*f 
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D eta (ls op Boat and Winch-Driving Engines, 
built by Heinrich Kämper, Berlin-Mariendorf. 



Slae 

Number of cylinders . 
Brake h.-p. at normal speed 
Normal speed : revs, per mln. 



Price of engine, including magneto Ignition, com- 
plete central lubrication, cooling pump, starting 
handle, fuel-tank for ten hours' running and 
silencer £ ». 

Price of transmission gear, on frame, with lever 
and couplings £ t. 

Price of shaft In two parts (13 ft. long) with inter- 
mediate bearing and propeller £ B. 

Price of stern tube, up to 39 ins. in length £ ». 

Price of protective cover .... £ *. 

Total price of engine complete ... £ ». 



Approximate weight in lbs. 

Engine 

Transmission gear 

Foundation frames 

Shaft in two parts 

Intermediate bearing 

Propeller 

Stern tube 

Protective cover 

Total 




SG 


SPF 


8 


4 


19 


26 


560 


550 


250 


300 


75 


75 


16 


16 


5 


6 


15 


15 


360 


410 


1210 


1370 


375 


375 


188 


188 


99 


99 


27 


27 


33 


33 


27 


27 


232 


253 


2191 


2872 



Boat-engines of various types, built by John I. Thornycroft & Go. Ld., 
Chiswick, Southampton and Basingstoke. 

(These are illustrated in Figs. 194 to 197.) 




Fig. 194. — Thornycroft boat engine. 
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Airship Engines. 
The success which has attended the manufacture of dirigible airships in 




Fig. 195.— Thornycroft boat engine. 




Fkj. 196. — Thornycroft boat engine. 

various countries is largely due to the improvements which have been made 
in the construction of internal combustion engines of great power combined 
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with lightness of weight. The power required for propelling airships and 
rendering them steerable with safety, can only be determined by experiments. 




Fio. 197 . — Thornycroft boat engine. 

Formerly where trials were carried out with 5 or 10 li.-p., 50 to 100 h.-p. 
engines are now available. Count Zeppelin uses for his airship— with which, 
after long trials, he has obtained excellent ivsults, attaining speeds up to 
thirty miles per hour — two engines of 110 h.-p. each. 

As stated in the eighth chapter, when dealing with the development of 
cycle engines, there is still a possibility of reducing the weight of the engines, 




Fig. 198. — Körting airship engine of 1887. 



by using new kinds of fuel and running on the two-cycle system. Owing 
to the great dangers which the use of petrol for airships entails, it is 
absolutely necessary to look for funis which will be less likely to cause the 
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airship to catch fire, while being at the same time suitable for the airship 
engines. 

But little publicity has been given to the attempts made in former times 
in regard to the construction of engines for airships. The firm of Gebr. 
Körting, Hanover, built an airship in 1887, supplied to the State Airship De- 
partment in Berlin. In order to avoid all danger of fire, this engine was sup- 
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Fig. 199. — 100 h.-p. " Antoinette " engine, carried by a man. 

plied with lighting gas which was carried in a separate balloon ; ignition was 
by battery on a system similar to the sparking plug ignition of the present day. 
Owing to the slow speed at which combustion engines then ran, and to the 
absence of light metals, this engine was too heavy to give good results. It is 
illustrated in fig. 198. 

The manufacturers who have given most attention to the construction of 
airship engines are the Daimler Motorengesellschaft and the Society 
" Antoinette," Paris. 
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Figs. 199 and 200 show a 100 h.-p. engine built by the Soctete' 
"Antoinette," which weighs only a little over 1 kg. (2*2 lbs.) per horse-power. 




Fig. 200.— Sixteen-cylinder 100 h.-p. engine, built by the Soci^tä " Antoinette." 



CHAPTER X. 

ROAD AND RAIL VEHICLES, AND AIRSHIPS, DRIVEN 
BY INTERNAL COMBUSTION ENGINES. 

As already stated, internal combustion engines cannot start automatically, 
and cannot be reversed by simple means ; the power they develop also falls 
off exceedingly rapidly and at a rate out of all proportion to any reduotion of 
speed. To these features are due several of the difficulties encountered in 
i he construction of motor vehicles, and in consequence the drive is not direct 
on to the wheels, but the power is transmitted to them through gears and 
clutches. A steam locomotive starts running under tbe pressure of the steam; 
it commences to run slowly, but its speed will gradually increase. Such is 
not the case with the internal combustion engine. These engines even lack 
the means to enable them to commence running, and extraneous power has to 
be applied in order to start the fuel and air-supply and compression ; it is 
only then, if all works well, that they can commence working. Unlike a 
steam engine, an internal combustion engine cannot have the full load thrown 
on to it at once, but must be started up and allowed to acquire a certain 
speed before it will develop any appreciable amount of power. 

This lack of power at starting in the case of internal combustion engines 
is of especial disadvantage, for it is just when a vehicle is being set in motion 
and the inertia is being overcome, that a greater amount of power is needed 
than is required for maintaining an acquired speed. In the design and con- 
struction of road and rail vehicles for traction by internal combustion engines 
due account must be taken of these features. The engine requires a starting 
device, this being usually either a hand-crank or some compressed-air arrange- 
ment. The transmission between the engine and the wheel must not be of 
a rigid type, but should be easily removed and elastic. Both forward and 
backward running and different speeds must be provided for. In cases where 
two driving wheels are mounted on the same axle, a differential gear is re 
quired to allow of turning by driving one wheel faster than the other. 

The first oycle driven by a combustion engine was that illustrated in figs. 
201 and 202, built by Daimler; this motor cycle was brought out in the 
early 'eighties. 

Daimler followed this up by bringing out, in 1886, the first motor-car, 
illustrated in figs. 203 and 204 In this, the engine was mounted in the space 
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between the two axles ; power was transmitted by means of two belts and an 
intermediate shaft and gears. Starting 
was effected by means of a friction 
coupling on the engine shaft. 

At the same time as Daimler had 
succeeded with his motor-car, C. Benz, 
of Mannheim, was also successful ; he 
brought out, also in 1886, a car which 
is shown in figs. 205 and 206. The 
engine flywheel, in this car, was hori- 
zontal, and power was transmitted by 
bevel gear and pulley to an intermediate 
belt pulley, and from this to the driving 
wheels through chains. The car had | 
only one steering wheel. This first j 
Benz car is still fit for service. 

The Benz works then built in 1888 
a new type of car, in which, however, 
they retained practically the same 
mechanical devices; they exhibited this 
at the time in Muuich, and it was the first road-car driven by a petrol 
engine ever shown at an exhibition. 




Fio. 201. — The first Daimler motor cycle. 




Fig. 202. — The first Daimler motor cycle (side elevation). 

A, Crank chamber and working cylinder ; B, Saddle ; C, Carburettor ; F, Silencer ; 
, Exhaust pipe ; M, N, Belt pulleys ; K, Belt tightening jockey pulley ; H, Hand lever 
for belt tightening jockey pulley ; o, p, Brake which works by slackening the belt ; 
G, Handle-bar. 



This car travelled at a speed of 16 kms. (about 10 miles) an hour, and 
could travel on gradients of 6 in 100 (one in 16*6). 

Since those earlier days, both the Benz works and the Daimler-Motoren- 
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gesellschaft have been untiring in their effort» to further the development 

of automobile construction, 
and have met with very 
good success. After their 
first cars, the Benz works 
brought out a type of car 
which was found to be most 
serviceable and durable, 
several of whioh are even 
now quite fit for service. 

The Benz car built in 
1891 is shown in figs. 207 to 
209. As will be seen, the 
belt drive is retained; steer- 
ing wheel 8 pivoted on the 
axle were used for the first 
time in this automobile. 




Fio. 203.— The first Daimler car, 1886. 



Recent Automobiles. 

It does not fall within the scope of this publication to describe in detail 
the various types of chassis and gear ; these will only be considered so far 
as is necessary to convey a clear general understanding of the subject. 

From the opening remarks of the present chapter dealing with the 




Fio. 204.— The first Daimler car, 1886 (side elevation). 

A, Engine ; b, c, Belt pulleys on the motor shaft ; e, /, Belt pulleys on the intermediate 
shaft ; g, Intermediate shaft ; k, Steering wheel ; m, /, Pivoted steering frame. 

characteristic features of the internal combustion engines, it will be evident 
that the construction of really serviceable chassis and gear, likely to give 
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thorough satisfaction in service, is no easy matter. The modern types of 
motor-car construction are the result of constant labour and the outlay of 
vast sums of money during the last ten years. 

No lengthy consideration of the development of power-driven vehicles is 
necessary for it to be recognised that the vibrations and shocks on the 




automobile chassis, arising from iron-tyred wheels, even at the slow speeds 
£hat were practicable in the earlier days, must have had a very detrimental 
effect on all the parts of the automobile frame and of the engine itself. The 
spring suspensions until then used for passenger vehicles were not in the 
least suitable for power-propelled cars. The numerous shocks due to the 
small and great unevennesses of the road surface could only be properly 
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counteracted by the use on the wheels of tyres of great elasticity ; the shock 
must be neutralised at the very point of origin. In spite of all the attempts 
made in this direction, nothing has so far been found more suitable than the 
india-rubber pneumatic tube such as is used on bicycles. It is only by the 
use of pneumatic tyres that travelling at the high speeds now possible is 
really feasible, and the desire for fast travelling is so great that people are 
willing to pay more for tyre expenses than for the power fur propelling the 
car. The cost of rubber exceeds that of the fuel. 

The need for satisfactory steering arrangements increased with the higher 




Fig. 207.— View of Benz automobile of 1891, seating three or four persons. 5 h.-p. engine ; 
weight, 15 cwts. 1 qr. ; cost, £225. 



speeds. The old steering device, in which the front axle and wheels turned 
on a centre, required a considerable amount of power and was slow in action. 
It was therefore necessary to modify this in some way, and this was done by 
pivoting the front wheels at the ends of the axle, acting on them directly and 
swivelling them in the direction of travel. The necessity of working the 
back wheels with some compensating gear, the so-called differential gear, has 
already been alluded to. 

For transmitting the power to the driving wheels, for changing the speed 
and for backward travelling, toothed gears running in oil are used. 

As it is not advisable to throw the pinions in and out of gear, and to 
change speed while they are being driven by the engine, the clutch between 
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Fig. 208.— Benz automobile of 1891 (side elevation). 




Fig. 209.— Benz automobile of 1891 (plan). 

A, Working cylinder ; D, Carburettor ; E, Petrol tank ; F, Induction sparking coil ; 
L, Silencer ; G G, Cooling water tank ; C, K, Expansion chamber for cooling water ; 
H, Belt for slow speed ; H', Belt for fast speed ; a and b, Steering wheel and handle ; 
c, d t Belt shifting device ; c t Hand control of throttle valve ; M, M', Brake lever pedals. 
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the latter and the gearing is in frequent use and has to be made specially 
light and easy of operation. 

The suspension of the chassis on the axles has to be such that no detri- 
mental effect whatever on the transmission gear will be caused by the frequent 
relative movement of these parts. This is provided for by the use of slightly 
slack chains for heavy cars, and of a Cardan shaft in lighter vehicles. 

Little attention was paid at first to the cooling of the working cylinders 
of automobiles. The first power-propelled cars were equipped with a " ribbed 
cooling device " of the type used in stationary engines. The weight of the 
larger quantities of cooling water at first carried, especially in the case of 
the larger engines, was very considerable, and endeavours to reduce it led 
to the manufacture of fiat-tube radiators which have now been in general 
use for the last five or six years. With these radiators, the water is circulated 
through the cylinder jacket, and, by means of a small rotary pump, through 
a large number of flat tubes having a large cooling surface, by which means 
a groat cooling effect is obtained with a very small quantity of water. 

Figs. 210 and 211 illustrate the chassis and gear of an automobile of 
the "Hexe type" built by Achenbach <fc Co., Hamburg; these drawings 
show the manner in which the various parts forming a modern car are 
arranged. The radiator is placed directly over the front axle ; behind this 
is the fan which increases the cooling effect. Then comes the six-cylinder 
engine, the clutch, and the gear, the latter running in oil. To this is coupled 
the inclined Cardau shaft, and lastly on the rear driving axle the differential 
gear. The automobile complete is illustrated in view, fig. 212. 

In figs. 213 to 217 are shown the chassis, gear, and different types of 
" Mercedes Simplex " automobiles built by the Daimler- Mo torengesellschaft ; 
and also various other types of cars. 

Figs. 218 to 220 illustrate the chassis and gear, and various can of the 
"Bayard" type, built by A. Clement, Paris. 

In figs. 221 and 223 are shown the chassis, gear, and carriage body of 
a four-cylinder automobile built by the Nürnberger Motorfahrzeugfabrik 
" Union," Ltd. The gear of this automobile does not take the form of toothed 
wheel transmission, but is of the friction type. By shifting the friction wheel, 
any speed can be obtained up to 70 kms. (43*5 miles) per hour, as well as 
running on the reverse. There are no shocks on starting, nor in changing 
over from one speed to another. With friction gear, gradients up to 30 per 
cent. (1 in 3-3) can be taken easily. 

Figs. 224 and 225 illustrate a three-wheeled motor-car built for two or 
three persons by the Maschinenfabrik " Cyklon," Rummelsburg, near Berlin. 
The drive is arranged on to the front axle, a flat belt and a chain being used ; 
the front axle is also the steering axle. The engine is fitted to the fork, and 
turns with the steering. 

As the front axle is the driving axle, the risk of skidding at the rear is 
abolished. The engine is of 3*5 h.-p., and speeds up to 35 kms. (21*7 miles) 
per hour can be attained. 
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Fig. 218.— Chassis of a " Bayard " 14/18 h.-p. automobile. 




Fig. 219.— View of a 10/14 h.-p. " Bayard" automobile. 




Fig. 220.— View of a 14/18 h.-p. " Bayard " automobile. 
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Fig. 222.— 6 to 8 h.-p. " Maurer-Union " automobile for doctors' use. Price, £215 to £280. 




Fio. 223.— 12 to 22 h.-p. four-cylinder " Maurer-Union " automobile. Price, £750. 
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Fio. 224.—" Cyklonette" delivery car, built by the Maschinenfabrik " Cyklon," 
Rummelsburg, near Berlin. 




Fio. 225.— "Cyklonette" with hood, seating two or three persons. Price, £137, IDs. 
Length, 8 ft. 9 in.; width, 4 ft. 8 in.; height, 4 ft 7 in. Distance between rear 
wheels at tread, 4 it 2 in. ; weight, 5 cwt 
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Fig. 226 shows a motor-tricycle ^ with detachable side-seat, buil t by the 
Neckareulmer Fahrrad werke- A.-G., Neckarsulm. The engine has two cylinders, 
and develops 5 h.-p. The cycle is fitted with back-pedal brake, double trans- 
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mission, and free wheel. Fans can be fitted also to increase cooling of the 
cylinder. 

A 2£ h.-p. motor-cycle by the Wanderer-Fahrradwerke, Schonau, near 
Chemnitz, is illustrated in fig. 227. The back-wheel can run free, and is pro- 
vided with back-pedalling brake. 
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Fig. 228 illustrates the motor-cycle built by H. & A. Dufaux & Co., 
Geneva, Switzerland, of the u Motosacoche " type. The engine is so 
designed that it may be fitted to an ordinary bicycle frame. The 1£ h.-p. 
engine costs £19, 15s. 




Illustrated in figs. 229 and 230 is the tractor already referred to, built by 
Lieutenant Troost for his undertaking in South-West Africa. Owing to the 
tracks being largely through sand in that part of the world, the ordinary 
power wagons cannot be used, and Lieutenant Troost has met the case by 
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providing his tractor with a strong wire rope winch. In the more difficult 
parts the car travels forward alone, and the wire rope is paid out completely. 




Fiu. 228.— Bicycle fitted with a 1| h.-p. " Motosacoche" engine, 
l 




Fio. 229.— Troost tractor. 
1, Driving wheel ; 2, Chain wheel ; 3, Driving belt pulley ; 4, Driving belt ; 5, Steering. 

The car is then scotched, and it hauls the trailers by winding the rope back 
on to the drum. 

The design of this car differs entirely from the ordinary power wagons. 
Extreme simplicity and safe working are the main features of this thoroughly 
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practical wagon. All the repairs that are likely to be required can be effected 
by the appliances with which it is" provided. In order to prevent skidding, 
it is arranged something like a giant tri-car. The wide rear wheel, 7 ft. 7 in. 
in diameter, acts as the driver; steering is performed with the front wheels, 
which are fitted with swivelling axles. 

Power is supplied by the 70 h.-p. Swiderski engine above referred to, 
transmitted to the toothed wheel gearing at the back by a belt. The large 
driving wheel is driven from the toothed wheel gearing by a chain. The wire 
rope drum is fixed to the driving wheel ; when it is necessary to use the drum, 

14 18 




Fig. 230. 



4 & 

-Troost tractor. 



1, Engine ; 2, Flywheel ; 3, Fuel regulation ; 4, Lever fur changing gear ; 5, Rod for 
change gear ; 6, Chain wheel ; 7, Roller bearing for power wheel ; 8, Chain tightening 
device; 9, Gear; 10, Ratchet rod ; 11, Coupling; 12, Driving belt pulley; 13, Wire rope 
drum ; 14, Driving wheel. 

the car frame is jacked up and the driving wheel revolves with the drum, 
acting as a flywheel. Additional gears and couplings which would otherwise 
be necessary for operating the drum, are thus obviated. 



Rail Vehicles driven by Internal Combustion Engines. 

As has been already stated, the first petrol engine built by the Maschinenbau- 
Aktiengesellschaft vorm. G. Egestorff, in 1879, was also at once used for 
driving a railway vehicle. This is illustrated in fig. 231. 

Daimler then brought out in 1887 a rail car, provided with a high speed 
petrol engine, which worked for a long period the passenger traffic between 
the Wilhelmsplatz and the Kursaal, Cannstatt. The same car was also used 
during the Bremen Exhibition of 1890. 

This Daimler " Summer car " is shown in fig. 232. As will be seen, it 
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consists of two seats carried on wheels ; the 2 h.-p. engine is fitted in a casing 
at the back. The driver sits at the back on a saddle. 




41 Y 

Fig. 231. — First rail vehicle driven by a petrol engine, built in 1880. 

a, b t Toothed pinion gears ; e, d, Uncrossed and crossed belts for forward and backward 
running ; e, Handle for shifting the belts ; h, Foot-brake ; g, Silencer. 




Fio. 232.— The Daimler " summer car," 1887. 
The power is transmitted to the axle by two sets of toothed gear for 7 and 
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15 kms. (4*35 and 9 35 miles) speeds. No provision was made for reversing. 
The gauge was 600 ram. (23 1 in). 




Fig. 233. —The Daimler motor-driven trolley. 




Fig. 234.- -The Daimler motor-driven railway carriage. 

Other rail cars of that date arc illustrated in fig. 233, which shows a trolley, 
and in fig. 234, this latter being a view of a motor-driven railway carriage 
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built for Fr. Krupp, for service between the firing ground and the township 
of Meppen. 

Recent Locomotives. 

Locomotives driven by high-speed engines have not met with much success. 
Engines working at a more moderate speed, capable of running during longer 
periods, of greater economy and safety in working, were more suitable to this 
class of vehicles, as they have also proved in factory driving. The Gasmotoren- 
fabrik Deutz and the Motorenfabrik Oberursel are among the few German 
firms whose names are connected with the construction of locomotives fitted 
with internal combustion engines. The peculiar features of these engines, and 
their present development, have led to the building of locomotives of this 
type for light traffic only, and not for main lines. 

They are now used mainly in mining, in contractor's works, in the exploita- 
tion of forests, for tunnel and canal construction, in brick works, sugar works, 
bridge building, etc. 

The petrol or benzol consumption of the locomotives, according^ to the 
conditions of track and traffic, amounts to 0*05 to 009 kg. per km. (*17 to 
•29 lb.) per mile run. 

Figs. 235 to 239 show various locomotives of this description built by 
the Gasmotorenfabrik Deutz and the Aktiengesellschaft OberurseL 

Boats Fitted with Internal Combustion Engines. 

The first boat to be driven by a petrol engine was that illustrated in fig. 240, 
built by Daimler in 1886. Fig. 241 shows the internal arrangement of a 
Daimler boat built in the early 'nineties in America. The boat is fitted with 
the two-cyliuder engine described in the ninth chapter. 

Recent Motor-boats. 

The fact that internal combustion engines do not start automatically, and 
the difficulty of reversing, has always been a hindrance to the adoption of 
these engines to motor-driven boats ; the lack of a simple and cheap means 
of reversing has always formed a great impediment to the development 
of motor-boats. 

In his first boat, Daimler used a friction-driven gear for running astern. 
Later builders turned their attention to the device known as the "Sail 
propeller," which was used in former times in sailing ships. In this device 
the propeller blades were made to swivel in the boss, being worked by means 
of a rod placed in the hollow propeller shaft. When there was a good wind, 
the sails were used for driving the ship, the propeller ceased working, and its 
blades were so placed that they offered the least resistance to the movement 
of the vessel. 

In adapting this device to motor-boats, it was only necessary to increase the 
shifting of the blades in the boss in order to make the boat travel astern while 
the engine continued to run in the same direction as when moving ahead. 
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In the early 'nineties this reversible propeller had been improved to Buch 
an extent that it was suitable for the propulsion of boats ; the Firm Karl 
Meissner, Hamburg, has given especial attention to the manufacture of this 
type of propeller. 
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It was only quite recently, with the construction of still larger craft — full- 
sized ships, in fact — fitted with internal combustion engines, that the efficiency 
and the reversibility of this type of propeller were found to be unsatisfactory. 
For large powers, intermediate transmission gear is quite out of the question 
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Fio. 236. — Shunting locomotive, equipped with a 60 h.-p. engine, built by the 
Gasmotoren fabrik Deutz. 




Fio. 237.— Mining locomotive, equipped with a 32 h.-p. engine, built by the 
Gasniotorenfabrik Deutz. 
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Fio. 238.— Shunting locomotive, equipped with an alcohol-petrol engine, built by the 
Motoren fabrik Oberursel. 




Fio. 239. — Mining locomotive in service at the Bergbau-Aktiengesellschaft Friedrichssegen, 

Friedrichssegen, Lahn. 
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Fig. 240.— The first Daimler motor-boat, built in 1886. 







Fio. 241. — Arrangement of a Daimler boat, built in America in 1890. 

W, Seat for the steersman ; V, Steering lever ; U, Lever for reversing the propeller ; 

H, Carburettor lever. 
All the necessary levers and handles for controlling the engine are within easy reach of 
the steersman. 
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Also in large sizes the reversing of the propeller has its disadvantages. The 
frictional resistance which has to be overcome in operating the blades when 




Fio. 242. — The Daimler friction gear for motor-boats. 

For running astern, the clutch is drawn back from the flywheel, and at the same time 
the friction disc R is pressed by a hand lever against the conical surface of the disc m 
and of the flywheel. 

under the full working pressure, requires such an amount of power that 
reversing cannot be effected quickly enough by hand. As still another 





Figs. 243 and 244. — Reversible propeller manufactured by the Motorenfabrik 
Grob & Co. , Leipzig. 

consideration, it may be stated that the shocks caused by early ignition and 
by the hit and miss governing, may have a very detrimental effect on the 
toothed gear and on the blades of the reversible propeller, since the flywheels 

14 
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with which the engines can be fitted are only light. In many instances, 
the remarkable cases of the fracture of teeth and the loss of propeller 
blades, have been principally due to these shocks. 

All these disadvantages have resulted in 
active endeavours in the direction of making 
internal combustion engines as effective as 
steam engines, in regard to running and reversi- 
bility, while using propellers with fixed blades 
such as are used with steam propulsion, the craft 
being the whole time completely under control. 
Boat-engines are now built of about 100 h.-p. 
and upwards, provided with compressed-air start- 
ing and reversing devices. Messrs Gebr. Sulzer, 
VVinterthur, build, for example, two-cycle Diesel 
engines for driving torpedo boats, which are fitted 
tvith such devices; the Körting engines for sub- 
marines, and also the u Antoinette " engines, are 
fitted with similar arrangements. Gunboats are 
built in Russia propelled by four-cycie Diesel 
engines. In these, the power of the engine is 
not transmitted direct to the propeller shaft, 
but to an electric dynamo supplying an electric 
motor driving the propeller shaft. The engine 
and dynamo act as an ordinary generating set, 
and the current is supplied to the electric motor. 
The latter can drive the propeller shaft as desired 
in either direction in the usual way. Attempts 
were made several years ago to build electric 
locomotives and motor-cars on this principle ; but, 
quite apart from the heavy first cost, the losses 
in actual running were so great, that the small 
advantage gained in the shape of greater flexi- 
bility in working, was purchased at far too great 
an expense ; attempts have, however, lately been 
made to revive this system. 

Fig. 242 illustrates the friction gear used by 
Daimler in his first boat ; figs. 243 and 244 the re- 
versible propeller as introduced in the late 'nineties 
by the Motorenfabrik Grob & Co., Leipzig; and 
fig. 245 a reversing device. A reversible propeller 
of the latest type for larger boats, made by Karl 
Meissner, Hamburg, is shown in fig. 246, and Meissner motor-boats in figs. 
252 to 256. 

In figs. 247 and 248 are shown two reversing gears, constructed by 
Messrs Bieberstein & Gbdicke, Hamburg, and Heinrich Kämper, Berlin- 
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Mariendorf. Figs. 249 to 251 show an overhanging propeller made by the 
Cudell-Motoren-6e8ell8chaft, Ltd., Berlin, N., for small craft. The engine 

propeller shaft, and propeller, form a self-contained 
apparatus pivoted at the stern of the boat ; the 
propeller shaft can be lowered, raised, and moved 
sideways at will. The device can also be fixed at 
any desired height 




Fig. 246.— Reversible propeller manufactured by Karl Meissner, Hamburg, for large boats. 




Fio. 247. — Transmission gear for ship propellers, built by Bieberstein k Godicke, Hamburg. 

Figs. 257 and 258 are views of a Thornycroft racing motor-boat, and of a 
Bieberstein & Gödicke motor-boat for passenger traffic. 

Figs. 259 and 260 show the engine-room of a passenger and cargo ship 
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containing three Diesel engines, developing together 3000 h.-p., with electric 
transmission to the propeller shaft. 




Fig. 248 — Transmission gear for ship propellers, built by Heinrich Kämper, 
Berlin • Marien dor f. 




Fig. 249. — 2'5 h.-p. motor-driven propeller for small boats and yachts, built by the 
Cudell-Motoren-Gesellschaft, Ltd., Berlin, N. 

In figs. 261 and 262 is illustrated a gunboat belonging to the Russian 
Navy, fitted with two Diesel engines anl with electric transmission to the 
propeller shaft. 
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Airship Engines. 

The first attempts at construction of dirigible balloons were made in 
France by Renard, who, in the early 'eighties, succeeded in manufacturing a 





Fig. 250. — 2 h.-p. motor driven propeller, built by the Cudell- Motoren- Gesellschaft, Ltd., 

Berlin, N. 

balloon which was driven by a gas engine at a speed sufficient to enable it to 
be steered. -Shortly afterwards, experiments were also carried out in Germany, 




Fig. 251. — Boat equipped with the Cudell propelling device. 

but these did not prove successful. A balloon which at that time made its 
first ascent from the Tempelhof, near Berlin, caught fire in the air, and its 
occupants were killed. 
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FifJ. 252. 




Fir,. 253. 




Fig. 254. 
Fms. 252 to 254. — Mo tor- boats built by Karl Meissner, Hamburg. 




Flo. 255. — Longitudinal section of a Karl Meissner motor- boat. 
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Fig. 256. — View of a Karl Meissner motor-boat. 




Fio. 257. — Racing motor-boat, built by Messrs John J. Thornycroft & Co. , London. 
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Fig. 259. 




Fio. 260. 

Flos. 259 and 260. — Engine-room of a passenger and cargo ship, with three four-cylinder 
Diesel engines of 3000 h.-p. in the aggregate, with electric transmission to the pro- 
peller shaft. 

Cylinder diameter, 27*5 in.; stroke, 30 '3 in.; speed, 150 revs, per minute; weight 
of each engine, 110 tons ; normal power of each electric motor, 670 h.-p.; weight of each 
electric set, 60 tons ; weight of an electro- magnetic clutch coupling, 3 tons ; weight of 
one propeller with shaft, 15 tons ; total weight of mechanical equipment, 564 tons ; weight 
of equipment per horse-power developed, 188 kg. (414 lbs.). 
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Otto Lilienthal then experimented with an apparatus which had no gas 
balloon, but with it he endeavoured to secure a motion similar to the flight 
of birds. He succeeded so far, that when he dropped with his machine from 
a height he was able to cover the distance of several hundred yards. But 
Lilienthal also met his death in the course of one of his experiments. 

In the meantime the petrol motor had come to the front, and had been so 
greatly improved that fresh hopes could be entertained of building steerable 
balloons. For the older type of balloons, the spherical shape was at once the 




Fio. 261. 




Fig. 262. 

Figs. 261 and 262. —Russian gunboat, with Diesel engines and electric transmission 
to the propeller shaft. 

Extreme length, 220 ft. 6 in.; breadth amidships, 37 ft.; draught, 10 ft. 9 in.; dis- 
placement, 1316 tons; maximum speed, 13 knots; power developed, 1400 h.-p.; fuel 
consumption per horse-power hour, 0*200 kg. (*440 lb.) ; fuel capacity, 155 tons. 

A, 120 mm. and 75 mm. gun ammunition; B, Biscuit stores; C, Crude petroleum 
tanks ; D, Gun spare parts ; E, Deck stores ; F, Steering room ; G, Provisions ; H, Officers* 
quarters ; J, Captain's cabin ; K, Engines ; L, Engine spare parts ; M, Dynamo room. 



most simple and the most correct, for the greatest possible quantity of gas 
could be enclosed with the least possible surface. But with the new condi- 
tions imposed by the desire for dirigibility, this shape had to be abandoned, 
and a cylindrical shape with pointed ends adopted.. The design up to that 
time followed in the construction of the car had also to be modified to meet 
the new conditions, and to take the engine. The balloon netting had also to 
be replaced by rigid connections, so that the car and the balloon should act 
together. 

The efforts made in these directions have resulted in the production of the 



VEHICLES AND AIRSHIPS DRIVEN BY INTERNAL COMBUSTION ENGINES. 219 

various types of airships now available. In the Zeppelin rigid system, the 
balloon body is built of a rigid aluminium-bronze frame, on which the gas- 
tight canvas is spread. All parts — the car, the propellers, the vertical and 
horizontal steering gear — are fitted to the bars forming the frame. It is 
evident that an airship of this rigid type can only be transported over land 
under great difficulties, and cannot descend on solid ground without previous 
preparation. For these reasons Zeppelin has built his airship, from the time 
he commenced, in a floating shed, and always starts his journeys from this 




Fio. 263. — Dirigible airship of Count von Zeppelin (rigid system). 

shed. Being dependent in this way upon a large expanse of water, which 
must be as calm as possible, for alighting, is one of the great disadvantages 
of the rigid system. For this reason, other makers, both German and French, 
have selected a less rigid type ; these have retained the collapsible balloon 
cover, giving it the necessary rigidity by increasing the gas pressure. The 
gas bag, contrary to the practice in the older type of balloon, must be com- 
pletely closed in the case of steerable airships. The car is made long and 




Fig. 264. — Dirigible airship. " La Ville de Paris " (semi-rigid system). 



rigid; this carries the engines, and is fitted with the gear and propelling 
devices. Instead of the netting, the balloon is surrounded by wide canvas 
bands. 

Since the gas in the balloon expands or contracts by -^-^ of its volume for 
each degree centigrade difference in temperature, the gas pressure inside the 
balloon inevitably rises or falls, quickly following the variations in tempera- 
ture, and the cover may thus easily be subjected to too high a pressure. In 
the older type, the pressure was regulated automatically through the bottom 
opening. In the closed balloons, internal air-sacks or ballonets are resorted 
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to, fitted with an exterior pendant hose-pipe. The ballonet oan be inflated 
through this pipe by a fan, and kept in an inflated state. 

Fig. 263 shows the Zeppelin rigid airship, and fig. 264 the semi-rigid 
French airship " La Ville de Paris." 




Fig. 265. — Locomobile with belt transmission, built by the Gasmotoren fabrik Deutz. 



Portable Engines. 

The internal combustion motor has been developed to a very considerable 
extent in the form of portable engines. The fuel used in such cases is either 
crude benzol, " ergin," or paraffin. Petrol, owing to its comparatively high 
cost and the risk of fire that accompanies its use, is but little employed. 
As in the case of locomotives, stationary slow-speed engines are mostly used 
for locomobiles. In the latter, evaporation cooling is usually employed, 
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Fio. 266. —Locomobile with transmission gear, built by the Motorenfabrik " Oberursel." 




Fig. 267.-2 to 6 h.-p. locomobile, built by the Motorenfabrik "Oberursel. 
Price £118 to £190. 
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though surface and air cooling, to which reference will be made further on, 
are also used. In order that the portable engines may be utilised for various 
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machines runuing at a high speed, they are as a rule provided with belt 
transmission gear. 

Figs. 265 to 272 show a number of portable engines built by various 
manufacturers. 
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Fig. 269. — Locomobile built by the Motorenfabrik "Oberursel. 1 




Fig. 270.— Locomobile built by Tangyes, Ltd., Birmingham. 
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Flu. 271. — Locomobile built by Ganz k Co., Budapest. 
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Motor-Driven Water- and Air-Pumps. 

Internal combustion engines have also been largely employed for driving 
pumping plants for supplying water to small towns, railway watering stations, 




Fig. 272. — Locomobile built by the Maschinenbau A. G., vorm. Ph. Swiderski, Leipzig. 

agricultural districts, kitchen gardens, and so forth. The larger pumps are 
driven by belting, gears, or chains ; in small installations, the engine and 
pump are direct coupled. Several applications are shown in figs. 273 to 284. 
Internal combustion engines are also put to many other uses. They are 




Fig. 273. — Engine-driven waterwork installation, built by the Gebr. Körting Co., 
Körtingsdorf- Hanover. 

employed, for instance, in building construction, for operating fire-engines, 
driving portable dynamos, ploughs, turntables, traversers, etc. Several 
examples of such applications are illustrated in figs. 285 to 292. 

15 
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Firs 274. — The Swiderski engine-driven pump. 
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Figs. 275 and 276.— Körting engine-driven pumps. 
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Figs. 277 and 278. — Engine-driven pumps, built by the Gasmotorenfabrik Deutz. 
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Fig. 279. 
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Fros. 279 and 280. —Pumps built by the Gasmotorentabrik Deutz. 
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Fio. 281.— Pump built by Tangyes, Ltd., Birmingham. 




Fio. 282. — Pump built by Tangyes, Ltd., Birmingham. 
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Fig. 285.— Winding winch for use on building construction, by the Motorenfabrik 

"Oberursel." 




Fio. 286. — Engine-driven fire-engine, built by the Daimler- Motorengesellschaft, 

Untertürkheim. 
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Fig. 287. — Engine-driven crane, by the Motorenfabrik " Oberursel. ' 




Fig. 288.— Engine-driven plough, by Ganz & Co., Budapest. 
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CHAPTER XI. 

ERECTION AND ATTENDANCE OF ENGINES DRIVEN 
WITH LIQUID-FUEL. 

An engine may be installed within the boundaries of the German Empire 
without a permit from the local authorities being first obtained ; in the 
kingdom of Saxony, however, suoh a permit is necessary. If the plant is to 
be insured against fire, certain requirements established with special reference 
to this matter have to be complied with ; these conditions are given at the 
end of the present chapter. 

In selecting a site for the erection of stationary engines, the following 
points should be taken into account : — 

1. The firmness of the ground which is to carry the foundations. 

2. The possibility of locating the engine in a convenient position with 

respect to the machinery in order to obtain a simple system of 
transmission or drive. 

3. Facility of transport of the heavier parts of the engine to the site on 

which it is to be put down. 

4. Accessibility all round the engine. 

5. The possibility of carrying off the exhaust gases. 

6. The adequate supply of cold water, or a sufficient space to allow of 

the erection of a cooling tower. 

7. The canvassing of local opinion on such points as the noise of the 

engine and the smell of the exhaust gases. 

8. The possibility of damage to the engine-house and the neighbouring 

buildings from vibration caused by the engine. 

These questions are easily solved in the case of small engines ; with larger 
engines, however, such as Diesel engines, for example, all matters dealing with 
the erection, and also those relating to cost, must be very carefully considered. 

Firm ground for foundations. — Made ground, or ground containing a 
large proportion of day, or again rubble, is not suitable for the foundations 
of an engine. Care must first be taken, with regard to the depth to which 
the foundation must be carried, that it reaches down to a really firm bottom. 
Attention must also be paid to the level of the ground water. The cost of 
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foundations may, in some instances, reach so high a figure that this reason 
alone may justify the selection of another site. 

When the engine has to be erected otherwise than on the ground, the 
strength and satisfactory condition of the flooriug must be properly ascer- 
tained beforehand. 

Location for good transmission. — In settling on the correct place for the 
engine with reference to machines and drives already installed, care must be 
taken that the machines requiring the most power are nearest to the engine ; 
there should be ample room for the belts so that they can be easily handled. 

Transport of the heavy parts of the engine. — Facility of transport of 
the engine to the site it is to occupy, and for the carrying out of repairs, is 
of great importance ; this point is often given insufficient atteutiou, when the 
engine must be located either in an underground room or above ground level. 
It must be ascertained whether there is sufficient room all along the path 
over which parts of the engine will have to be carried, and whether the 
strength of the flooring is sufficient for the heavy parts to be taken over it. 
In this connection staircases and landings must be carefully examined. The 
carrying capacity of staircases can be much increased by stiffening the 
landings and covering the treads with stout planks. 

The transport into and out of underground rooms is the most difficult. 
Ureat mistakes are often made in this respect even in new buildings destined 
to contain an engine installation, and in many cases completed partitions 
have to be knocked down and entrances widened in order that the larger 
engine parts may be taken into the site. It sometimes happens that old 
engines canuot be got rid of and replaced by new ones erected in their stead, 
because in the course of time additions have been made to the buildings 
which prevent the removal of the older engines from the underground room 
and the introduction of a newer machine. 

Accessibility of the Engine. — Neither is sufficient attention given in 
many cases to the matter of safety in starting the engine, and to that of 
ease of inspection and repair. The belt-pulley is frequently so close to the 
wall that there is no room left for putting on or removing the belt. Or else 
between the rim of the flywheel and the wall there is very little space and 
the driver is able to make use of the wall as a fulcrum when turning round 
the flywheel. 

In vertical engines, it happens in some instances that there is insufficient 
height to allow of the removal of the piston and piston-rod from the 
cylinder. 

In cities, the matter of the exhaust piping is one of considerable difficulty, 
as it has to be carried up to a height greater than that of one's own and of 
neighbouring roofs. 

The supply of cooling water and return of the water used must also be 
duly considered. The underground engine-rooms may be so low down that 
the water, after having served its purpose, cannot be easily drained away. 
The cost of the water must also be studied if the supply is from town 
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mains. Where no outflow pipes or drains are available, percolating pits 
must be sunk. 

A most important point connected with engines constantly at work is that 
the neighbourhood should not be inconvenienced by the noise of the engine 
or the smell of the exhaust gases. The noise may be much reduced by 
resorting to several exhaust heads or by inserting in the piping lengths of 
ribbed pipe. 

The vibrations which are frequently set up by the engines should not be 
transmitted to the walls of houses or buildings. K\en when the revolving 
masses of the engines are balanced as perfectly as possible, complete absence 
of vibration is rarely attainable. 

The masonry forming the engine foundation should not, under any circum- 
stance, be directly connected to the wall of the building ; neither should it 
touch even, but a certain amount of space should be allowed between them. 

Foundations. — Internal combustion engines up to 6 h.p. can be 
mounted on a cast-iron base-plate secured to a concrete foundation 20 to 
25 cms. (7'8 to 9*8 ins.) in thickness. When erected on the floor of a building 
or factory, the base-plate should be placed near the wall, and bolted to the 
beams of the flooring. 

In erecting large engines on brick foundations, care should be taken to 
see that the holding bolts are not tightened before the cement grouting is 
quite set. When they have been tightened, the position of the engine should 
be carefully checked in every detail. The running hot of new engines is not 
by any means an inevitable evil, but is nearly always due to settling of the 
engine frame and bearings. 

The oil used for lubrication, if allowed to run on to the masonry founda- 
tion, ends by completely impregnating the cement mortar, and converting it 
into a kind of thick mud, and the support of the engine is thereby endangered. 
Most builders remedy this by fitting trays round the engine, in which the 
overflow oil is collected. If no such collectors are used, sawdust must be 
scattered round the engine to absorb all the oil that may run out. 

The drawings for the foundations should be got out before ordering the 
engine, in order to obtain an idea of the total cost of the installation. 

Exhaust pipe. — Masonry chimneys, or rain-water pipes and waste-water 
pipes made of galvanised sheets, must not be used for carrying off the exhaust 
gases, because they cannot withstand the pressure of the exhaust, which is 
considerable in some circumstances. Zinc is, moreover, destroyed by the 
action of the exhaust gases. Zinc roofs also suffer when the gases are 
allowed to escape close to them. Masonry, smoke, or ventilation flues which 
are uot used for their original purpose, can, however, be turned to account 
with advantage for the accommodation of wrought- or cast-iron exhaust pipes. 
Thick cast-iron pipes are always preferable to the thinner wrought-iron ones, 
as they are far less quickly damaged by the action of the gases than is the 
case with the latter. 

Where there are long horizontal lengths of piping, these should end in a 
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very steep length, so as to prevent the gases from carrying off with them the 
water that forms in the pipes, which would be liable to cause damage to the 
roofs and rain-water guttering. 

When the exhaust pipes are led through wooden floors, or are fixed to 




Fig. 298. — Cooling with water under pressure and exhaust pipe for a small vertical engine 

wooden partitions, they should be insulated with fire-proof material at all 
points that may become heated. 

Air-supply pipes. — Long air-supply pipes reduce the power of the engine, 
and should only be used where air free from dust is required ; the air, more- 
over, should be cool and dry. The air piping should be of sufficiently large 
diameter to prevent any excessive air resistance; no thin sheets should be 




Fig. 294. — Arrangement of cooling tank with a 2 h.-p. engine. 

used in its manufacture, as the pressure on the inside may rise momentarily, 
at times to 2 or 3 atms. (29*4 or 44 lbs. per sq. in.) in case of back fire. 

Cooling. — The most simple method of cooling, and that most generally 
used for stationary engines, is that by water under pressure. The water is 
delivered at the lower part of the water jacket, and on becoming heated up to 
50° or 60° (112' or 140° Fahr.), is allowed to flow out freely in a funnel, so 
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that the rate of circulation of the cooling water and the temperature are 
easily ascertained. Fig. 293 shows a cooling device of this kind. 

This method of cooling presupposes the existence of a drain through which 
the hot water may be led away. Water consumption for this purpose may 
be estimated at from 30 to 40 litres (6*6 to 8 '8 gallons) per horse-power-hour. 
With large engines, the quantity of cooling water required is considerable, and 
it is advisable in these cases to have a well, with water supply provided by a 
pump driven from the engine. Where water is scarce, cooling towers or 




Fio. 295.— The Körting radiator. Fio. 296— Radiator with device for heating 

or ventilating. 

cooling ponds must be provided in the same way as with some steam-engine 
installations. 

With small stationary engines, up to about 8 h.-p., instead of the cooling 
arrangement just described, the cooling tank system is found advantageous. 

The cooling tank is usually of galvanised iron, and its capacity is so 
proportioned that the quantity of water it contains, omitting to take into 
account the effect of radiation, becomes heated up to 50° or 60° (112° or 140° 
Fahr.) in 10 hours. Taking 40 litres (8*8 gallons) of water heated per horse- 
power-hour, the capacity of a tank for, say, a 2 h.-p. engine will be 40 x 2 x 10 
= 800 litres (177*7 gallons). Whenever possible, the tank should not be in 
the same room as the engine, but exposed to currents of air, so that the water 
shall be cooled during the night ; it should not, however, be directly exposed 
to the cold in winter. On hot summer days, it may happen that the 
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temperature of the whole quantity of water becomes raised to the boiling 
point, when a certain quantity should be drawn off and replaced by cold 
water. The attendant should always be careful to see that the water level is 
always above the upper pipe opening. 

The engine being lower than the tank, the water becomes heated by 
circulating round the engine, and is delivered from the water-jacket to the 
upper part of the tank, cold water flowing from the tank in equal volume to 
the lower part of the water-jacket. Circulation on this principle can only 
work properly when the upper connecting pipe is of sufficient diameter, given 
sufficient rise and without sharp bends. 

The cooling water-tank occupies a good deal of room, is of considerable 
weight, and does not produce a constant temperature throughout the time the 
engine is running. Radiators are more satisfactory in this respect; they are, 




Fig. 297. —Air cooler. 

however, much more expensive in first cost, but they keep the temperature 
of the engine constant and require but a small quantity of water. The space 
they occupy is also very small. 

Circulation of the water takes place in the same way as with the tank 
installation, but its cooling is greatly accelerated by the very large radiating 
surface of the ribs; the circulation is also much more rapid, and a much 
smaller quantity of water suffices. The larger the piping and the higher the 
radiator is placed above the engine, the more rapid is the cooling effect. As 
the water by heating increases considerably in volume, the radiator must not be 
closed up, but must be provided as shown in fig. 295, with an expansion tank. 

When the radiator is placed as shown in fig. 296, the heat which radiates 
from it may be used in winter for heating a room, and in summer for ventilat- 
ing purposes. In winter, the opening in the wall is closed by a flap as shown 
in dotted lines ; it is kept open in summer. 
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With portable engines, the water-cooling is also carried out on the 
system adopted in the cooling towers used in connection with steam engines, 




Petrot Cask 



Fio. 298. — Installation consisting of a small engine using petrol, benzol, or paraffin. 

and is called an air-cooling plant. As seen in fig. 297, the cold water supplied 
by a pump is sent through the water-jacket and sprayed by means of a rose 
in the upper part of a cooling tank, whence it flows down drop by drop over 
a number of wooden laths. A current of air flows up the tank, and cools the 




Fio. 299. — Engine installation for agricultural purposes. 

water as it falls. The cooled water collects at the bottom of the tank, and is 
pumped through the water-jacket again. 

The adjoining illustrations show various installations. Fig. 298 is a 
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Figs. 300 and 301.— Engine installa- 
tion for agricultural purposes. 

M, 2 h.-p. engine. 
T, Line shafting. 
E, Coarse grinding mill. 
R, Maize husking machine. 
H, Chaff cutter (fig. 299). 
P, Water pump in well. 
W, Water tank. 
A, Belt pulley for various purposes. 
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general view of a stationary plant with a small engine using petrol, benzol, or 
paraffin, showing also the location of the fuel-tank. 




Fro. 302. 




Figs. 302 and 303. — Mechanically worked dairy and agricultural installation. 
(For references see next page. ) 

Figs. 299 to 301 show installations for agricultural purposes as built by 
Ganz & Co., Budapest. Figs. 302 to 305 illustrate a mechanically worked 
dairy, and fig. 306 a motor-driven roll mill. 
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Figs. 302 to 305. 

M, 2 h.-p. engine ; T, Line shafting ; E, Coarse 
grinding mill ; H, Chaff cutter ; R, Maize husk- 
ing machine ; P, Water pump ; C, Centrifugal 
seffflrator ; Z, Pulley for belt drive for same ; 
B K, Butter-making machines; W, Water tank ; 
WM, Water tap. 
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F;08. 304 and 305.— Mechanically worked dairy and agricultural installation. 




Fio. 306.— Roll mill driven by a 3 h.-p. engine. 



ERECTION AND ATTENDANCE OF ENGINES DRIVEN WITH LIQUID-FUEL. 247 



Conditions in force from 1st August 1906, relating to the Installation of 
Stationary Engines, using for fuel Petrol, Ligroine, Gasoline, Naphtha, 
or other liquid hydrocarbons whose flash-point is below that of the 
best refined paraffin. 

A. — Engines whose gas producer or vaporiser is installed in a separate 
room. — 1. The engine must only be laid down in rooms in which no easily 
inflammable articles or materials are stored or manufactured, and must be 
erected on a fireproof foundation. Where the foundation does not extend 
for at least 30 cms. (12 ins.) round the engine on all sides, the flooring, if made 
of wood, must be covered over with iron sheeting for the remainder of this 
distance all round. No woodwork or inflammable material must be nearer 
than 1 m. (39 '37 ins.) from the top, and 30 cms. (12 ins.) from the sides of the 
engine. 

An engine must be at a distance of at least 1 m. (39*37 ins.) from any 
heated oven or heated pipes. 

2. The gas producer or vaporiser must be put down in a strongly built 
room which is put to no other use. The room must be well ventilated, have 
a fireproof floor and a strong ceiling, or one protected with fireproof material 
and without any opening ; it should be heated with water or steam only. 
Openings for driving shafts, rope or belt drives, and doorways, or window 
openings into adjoining rooms, are only to be allowed when in the latter rooms 
there is no easily inflammable material stored or in course of manufacture. 
The door openings are to be provided with iron or iron-covered doors ; the 
windows are to be made with wired glass. The above limitation as to the 
passage of the driving shaft is not applicable when the passage only affords 
the necessary opening for the shaft. 

3. When artificial lighting is resorted to in the gas-producer room, this 
must only be done by electric incandescent lamps, Davy safety-lamps, or by 
outside lamps partitioned off from the room by thick glass panes fitted so as 
to be air- or gas-tight. 

4. The filling of the gas-producer or vaporiser must only be done from 
an iron tank placed inside the gas-producer room or in the open, and through 
closed-in pipes, using a rotary pump, or by using portable explosion-proof 
tanks. 

The stock of hydrocarbon must not exceed 500 kgs. (10 cwts.), and must be 
kept in wrought-iron tanks, in separate, fireproof, and well-ventilated rooms, 
which are not to be artificially lighted at all, or, if lighted, the provisions 
given under (3) must be followed ; or else in the open, in a pit sunk in the 
ground, lined with masonry and provided with an iron cover. 

5. The exhaust pipe leading from the engine must be made fireproof. 
B.— Engines with their gas-producer or vaporiser in the same room. — 

1. The engine, and the producer with which it is connected, must be laid 
down in a room used for no other purpose. This room must be built with 
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thick walls, fireproof floor, and a strong ceiling, or one protected with fireproof 
material and without any openings. Openings for shafts, rope or belt drives, 
and doorways and window openings into adjoining rooms, are only to be 
allowed when in the latter room there is no easily inflammable material stored 
or in course of manufacture. The door openings are to be provided with iron 
or iron-covered doors ; the windows are to be made with wired glass. The 
above limitation as to the passage of the driving shaft is not applicable when 
the passage only affords the necessary opening for the shaft. 

2. When artificial lighting is resorted to in the room containing the pro- 
ducer and engine, this must only be done by electric incandescent lamps, 
Davy safety-lamps, or by outside lamps partitioned off from the room by thick 
glass panes fitted so as to be air- or gas-tight. 

3. Ignition may only be performed by electric current or air compression, 
and without heating lamps. 

4. The filling of the producer must only be done from an iron tank placed 
in the engine-room, and through closed-in pipes, using a rotary pump, or by 
using portable explosion-proof tanks. 

The stock of hydrocarbon must not exceed 500 kgs. (10 cwts.), and must 
be kept in w rough t-iron tanks placed in separate, fireproof, and well- 
ventilated rooms, which are not to be artificially lighted at all, or, if lighted, 
the provision given under (2) must be followed; or else in the open in a 
pit sunk in the ground lined with masonry and covered with an iron cover. 

5. The exhaust pipe leading from the engine must be made fireproof. 

G. Engines without gas-producer or vaporiser. — 1. The engine must 
only be put down in a room in which no easily inflammable material is 
stored or manufactured, and must be erected on a fireproof foundation. If 
the foundation does not extend for at least 30 cms. (12 ins.) round the engine 
on all sides, the flooring, if made of wood, must be covered with iron sheeting 
to that distance. No woodwork and inflammable material must be nearer 
than 1 m. (39*37 ins.) from the top, and 30 cms. (12 ins.) from the sides of 
the engine. 

2. If a heating lamp is used for starting the engine, the engine-room is 
only to contain sufficient fuel for this lamp for the day's run, stored in an 
explosion-proof tank. 

3. The fuel-tank, which supplies directly to the engine the necessary 
hydrocarbon for its working, is to be made of iron, and must be placed 
outside the engine-room in the open air, or in a separate well-ventilated 
room, heated by steam or hot water, and lighted only by incandescent lamps, 
Davy safety-lamps, or by an outside light partitioned off from the room by 
thick, gas-tight-fitting glass panes. This room must have thick walls, a 
fireproof flooring, and a strong ceiling, or one covered with fireproof material 
and without any openings. Openings for driving shafts, ropes, or belt drives, 
and doorways or window openings into adjoining rooms, are only allowed 
when in the latter rooms there is no easily inflammable material stored or in 
course of manufacture. The door openings are to be provided with iron or 
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iron-covered doors; the windows are to be made with wired glass. The 
above limitation as to the passage of the driving shaft is not applicable when 
the passage only affords the necessary opening for the shaft. If the engine 
is fitted with electric or compression ignition, and is started up without the 
use of a heating lamp, the fuel-tank may be placed in the engine-room 
provided this meets the conditions set forth for rooms containing fuel- 
tanks. 

4. The filling of the fuel-tank must only be done from an iron tank kept 
in the fuel-tank room or in the open, through closed-in pipes, using a rotary 
pump, or by using portable explosion-proof tanks. 

The stock of hydrocarbon must not exceed 500 kgs. (10 cwts.), and must 
be kept in wrought-iron vessels, in separate, fireproof, and well-ventilated 
rooms, which are not to be artificially lighted at all, or, if lighted, the 
provisions given under (3) are to be followed ; or else in the open, in a pit 
sunk in the ground, lined with masonry and provided with an iron cover. 

5. The exhaust pipe leading from the engine must be made fireproof, 
and mounted at a safe distance from the fuel-supply pipe. 

Conditions for Alcohol Engines. 

1. The engines must not be put down in buildings containing corn, straw, 
or other easily inflammable material, or run in close proximity to hayricks or 
sheds containing haystacks ; when working, they must be at a distance of at 
least 1 m. (about 1 yd.) from the latter, or at least at a distance of 3 ms. 
(about 3 yds.) from corn, straw, or other easily inflammable material. 

2. They should be worked with commercial alcohol containing a maximum 
of 90 per cent, pure alcohol. An addition of 20 per cent of benzol is 
allowed. 

3. When using an addition of benzol, the process of mixing must be done 
in daylight only, in the open, or in a room with fireproof flooring ; in both 
cases, at a safe distance from all combustible material. 

4. When using petrol or benzol for starting the engine, electric ignition 
only must be used ; no carburettor heated in any manner whatever is allowed. 
The use of tube ignition is permissible provided that the heating flame for it 
is surrounded by a sheet-metal covering, in which all openings must be 
covered with well-fitting wire gauze screens. 

5. Alcohol and petrol tanks must be so far removed from the heated 
parts of the engine, that no noticeable heating of the tanks occur. The 
receiver on the engine containing the petrol for starting should not have a 
capacity of more than 1£ litre (2*65 pints), and must be covered with a self- 
cleansing tight-fitting metal cover. 

6. The fuel-tanks may only be filled by daylight. The alcohol tank may 
only be filled by using a rotary pump ; for filling the petrol tank an explosion- 
proof vessel is to be used. 

7. No stock of fuel for supplementing the supply of alcohol in the tank is 
to be kept in proximity to the engine ; the stock is only to be replenished 
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when it has become exhausted. During replenishing of the supply of fuel 
the engine must be stopped running. 

8. The stock of benzol or petrol must not exceed 250 kgs. (5 cwts.), and 
must be kept in iron vessels, stored in a separate fireproof room, which must 
never be entered with a light ; or in a pit sunk in the open, lined with walls, 
provided with an iron cover, and at a distance of at least 10 ms. (about 10 
yds.) from buildings or inflammable material. When the stock of petrol or 
benzol together does not exceed 20 kgs. (44 lbs.), it may be kept in vessels 
made of other metal. 

Conditions for Stationary Alcohol Engines. 

I. The engine may only be installed in a room in which no easily com- 
bustible material is stored or in process of manufacture, and only on a fire- 
proof foundation. When the foundation does not extend for at least 30 cms. 
(12 ins.) round the engines on all sides, the flooring, if made of wood, must 
be covered with iron sheeting to make up that distance. No woodwork and 
inflammable material must be nearer than 1 m. (39 '37 ins.) from the top of 
the engine, and 30 cms. (12 ins.) from the sides. 

2. The engine and the tanks containing the fuel must be at a distance of 
at least 2 ms. (about 2 yds.) from heated ovens or pipes, and from all lighting 
lamps (electric incandescent lamps excepted). 

3. The exhaust pipe leading from the engine must be rendered fireproof. 

4. The engine may only be supplied with commercial alcohol containing at 
most 90 per cent, pure alcohol. An addition of 20 per cent, benzol is allowed. 

5. The vessels from which fuel is supplied to the engine through closed 
pipes must not be brought over the engine, but must be kept to the side at a 
distance of at least 1 m. (about 1 yd.). 

6. The mixture of the fuel and the filling of the fuel vessels must only 
take place in daylight ; in case of need this can also be carried out by artificial 
light if the conditions under (2) be fulfilled. 

7. The stock of petrol and benzol must not exceed together 260 kgs. 
(5 cwts.), and must be kept in wrought-iron vessels, stored in a separate 
fireproof room, which is not to be entered with a light, or in a pit sunk in the 
open, lined with walls, provided with an iron cover, at a distance of at least 
10 ms. (over 10 yds.) from buildings and material liable to catch fire. When 
the stock of petrol and benzol together does not exceed 20 kgs. (44 lbs.), it 
may be kept in vessels made of another metal. 

Conditions relating to Stationary Engines using Paraffin or Liquid 
Hydrocarbons whose flash-point is above that of the richest 
Paraffin. 

1. The engine must only be supplied with the richest paraffin, or with a 
fuel whose flash-point is above that of the richest paraffin. 

2. The engine may only be laid down in a room in which there are no 
easily inflammable materials stored or in course of manufacture, and only on 
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a fireproof fouudation. If the foundation does not extend for at least 30 cms. 
(12 ins.) all round the base of the engine, the flooring, if of wood, is to be 
covered over the remaining distance with iron sheeting. No woodwork and 
inflammable material must be nearer than 1 m. (39*37 ins.) from the top of 
the engine, 30 cms. (12 ins.) from the sides. 

3. The engine and fuel-tanks must be at a distance of at least 1 m. 
(39*37 ins.) from heated ovens or pipes. 

4. The exhaust pipe leading from the engine must be rendered fireproof. 

5. The stock of fuel must not exceed 500 kgs. (10 cwts.), and must be 
kept in a room which is not to be entered with a naked light, or in the open 
at a distance of at least 10 ms. (over 10 yds.) from buildings. 

Attendance of Engines. 

The hand levers for starting and stopping the engine should always be 
placed in the same positions ; by practice, the attendant soon gets to operate 
these mechanically. 

Instructions for starting. 
It is necessary 

1. To light the heating lamp if one is used. 

2. To fill the oil-cups and lubricators always in the same order, and to 
watch the action of the sight-feed lubricators. 1 

3. To apply paraffin to the exhaust valve spindle and to the ignition 
interrupter lever spindle. To ascertain that the exhaust valve and the 
ignition interrupter lever work freely. 

4. To throw into gear the compression relief arrangement and to retard 
the ignition. 

5. To open the fuel feed-cock to the usual mark required for starting. 

6. To turn the flywheel with the hand-crank or barring-gear. In large 
engines, the starting-gear must be set in motion. 

7. As soon as ignition occurs regularly, and the engine has acquired a 
certain amount of speed, to set in operation compression, to regulate for early 
ignition, and to place the fuel supply-valve in the running position. 

8. To start the cooling water supply. 

9. To shift the transmission belt on to the driving pulley. 

Attendance wlieri running. 

1. To ascertain the cooling water temperature. 

2. To observe the working of the lubricators. 

3. To regulate the fuel supply. 

4. In winter to repeatedly drain off the water from the exhaust pipe. 

1 In cold weather, the lubricating oil may become so thick that it only flows slowly 
from the oil-can, and the lubricators may not act efficiently as long as the engine remains 
cold. The oil-cans should in such cases be warmed, so that the lubricators may be filled 
with a more liquid lubricant 
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For stopping the engine. 

1. To remove the belt. 

2. To cut off the fuel supply ; put out the heating flame and open the oil 
drain-cock on the combustion chamber. 

3. To stop lubrication. 

4. To stop the working piston at the end of the outward stroke, the gear 
leaving the exhaust valve open. 

5. Cut off the cooling water after complete cooling down of the engine. 
(By this means the deposit of scale is prevented ; scale is due mainly to the 
water cooling down in the engine and being heated up again.) 

6. Draining the water off from the exhaust pipe. 

7. Should frosty weather be anticipated, the water must be emptied out 
of all cooling jackets, also out of the ribbed radiators. 

Cleaning of the engine. 

The engine should be cleaned on the outside every evening immediately on 
stopping, and while it is still warm. All polished and varnished parts 
should be rubbed down with soft clean waste. 

Internal cleaning should include the valve chest, valves, exhaust passages, 
exhaust piping, combustion chamber, piston and rings, and cylinder walls. 
The time for internal cleaning cannot be prescribed, as this cleaning depends 
upon the type of engine and the care with which it is worked. Under normal 
conditions, it may be taken that stationary engines working with petrol or 
benzol for ten hours a day, require to have their valves and electric ignition 
device seen to about every eight weeks. With paraffin engines working with 
vaporisers, internal cleaning should be done more often. Diesel engines 
require less frequent cleaning. 

If the valve heads become covered with oil, this should be removed, and at 
the same time, the valve spindles, the parts operating the electric ignition, 
and the inside of the valve chests, should also be cleaned. The carbonised oil 
is removed with iron or copper scrapers. 

Seeing that the greater part of the lubricating oil supplied to the cylinder 
is carried out through the exhaust valve in the form of oil vapour or oil 
spray with the exhaust gases, it is clear that lubrication must not be carried 
to excess. In paraffin engines working with a vaporiser, a large quantity of 
unconsumed paraffin finds its way through the exhaust valve. In all such 
cases, therefore, one must expect the opening in the exhaust valve, exhaust 
head, and exhaust pipe, to become quickly narrower, even to the extent of 
being stopped up, and frequent — often weekly — cleaning is necessary. Such 
conditions, of course, arise from bad workmanship and neglect in attendance. 
In these cases the power is reduced and the consumption of fuel increased. 

Among the most important duties of the driver is the maintenance of the 
valves in good working condition. The development of the full power of the 
engine, its economical running and easy starting, depend mainly upon the 
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valves remaining tight. The valve chests must therefore be easily opened and 
the valves easily removed. Foreign bodies of all kinds — sand, dust, filings, 
etc. — carried in with the air for combustion, are liable to become attached to 
the valve faces. The excessively hot combustion gases which flow through 
the exhaust valve port, lead to the formation of scale ; the oil residues also, 
already referred to, may cause both valves to work badly. The inlet valve 
suffers less by heat, the regular inflow of cool air for the charge forming a 
most efficient method of cooling. 

It is important that the air for the charge should be drawn from a certain 
height above the floor level and from a place where there is no dust ; it is a 
very unwise arrangement to have the air-suction orifice on the floor level. 
In automobiles, the air should be drawn from the place the least exposed 
to dust. 

Foreign bodies which become attached to the valve faces should be 
removed with care, and the valve heads and spindles cleaned of coomb by 
using paraffin. Valves that are not tight are ground in with medium fine 
emery ; valves made of brass or copper, occasionally used in internal com- 
bustion engines, are ground in with glass powder. 

In engines which receive good attention, the combustion chamber and 
piston rarely require cleaning. So long as the piston rings are free, they 
need not be removed. The ring lying nearest to the combustion chamber will 
be found to become fixed only after a comparatively long period of working ; 
when this occurs all the rings should be removed and cleaned thoroughly, the 
grooves being also thoroughly cleaned out at the same time. The removal 
and replacing of the rings and of the piston must be carried out with great 
care. The rings which become tight may be loosened by using paraffin ; it is 
advisable to steep the whole piston in paraffin, after which the rings will be 
easily moved if struck with a wooden mallet. 

For facilitating the replacing of the cleaned piston, a piston-clamp is 
generally used, supplied by the engine-builder. 

All parts which are removed from the engine and cleaned, should be 
deposited in a clean place where they are not likely to be damaged. When 
removed, the connecting rods should not be left leaning against a wall, for in 
such a position sand and dust can easily find its way to the bearings. When 
for any reason the lay-shaft has to be removed, care must be taken in replac- 
ing it that the teeth of the pinions mesh together in exactly the same manner 
as before, or else the valves will not work well. 

When the engine is re-erected, and all the nuts and bolts have been 
properly tightened up, it is turned round in the reverse direction in order to 
test it for tightness, and then set running. It is tested for power by means 
of a brake on the flywheel and a lever ; small engines are tested for power 
with a pad of cleaning waste as a brake. After a run of a few minutes, 
the bearings are examined in order to ascertain whether they are running 
hot or not. 



CHAPTER XII. 

ON COREECTING IRREGULARITIES IN RUNNING. DANGERS, 
AND PRECAUTIONS TO BE TAKEN, IN CONNECTION WITH 
THE USE OF INTERNAL COMBUSTION ENGINES. 

One of the essential qualities of a really capable engine attendant or chauffeur 
is the ability of finding out quickly any cause uf irregular working of his 
engine, and to make it good expeditiously. In this respect, internal com- 
bustion engines present greater difficulties than steam engines. An internal 
combustion engine Bupplies itself with fuel and air for combustion in the 
quantities required for the work it has to perform. It has no reserve of 
power on which it can draw, in the same way as a steam engine can draw on 
its boiler. A small amount of leakage in a steam engine does not give rise 
to trouble in running, but in internal combustion engines leakage forms the 
main cause of such troubles. Moreover, the fuel vapours and air with which 
one has to deal in these engines, are both invisible, and this renders it 
necessary to have recourse to indirect ways and means in seeking for the 
cause of leakage, this being traced by following up the effects it has produced. 

In finding out the cause of any irregularity in running, one must proceed 
methodically. By haphazard tests no clear opinion is possible as to the 
most satisfactory measure to adopt, and the real source of the evil. The 
following are a few directions for tracing the principal causes of troubles that 
may occur, together with the means of remedying them. 

The troubles that occur mostly in internal combustion engines are : — 

1. The engine refuses to start, and explosions occur in the exhaust pipe. 

2. It refuses to start, without the occurrence of accompanying explosions. 

3. It starts running, but stops after a few ignitions. 

4. It can be started running, but each time only after a number of idle 

revolutions. 

5. Running is irregular. 

6. The engine refuses to run after it has been working for some time. 

7. The power developed is too small. 

8. Explosions occur in the air-pipe while drawing in the charge. 

9. Knocking occurs. 

10. The engine runs at too high a speed. 

254 
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1. The Engine refuses to start, and Explosions occur in the Exhaust Pipe. 

Cause of the trouble. — The exhaust valve spindle fits too tightly in its 
guide, or the valve is not tight. 

Remedy. — (a.) To pour paraffin in the small tube provided for the 
purpose in the valve spindle guide, and to work the valve up and down. Oil 
must uot be used for lubricating the valve spindle, as the result would be the 
reverse of what is wanted, for the oil would carbonise at the high temperature 
of the spindle, thus preventing it from working ; paraffin, on the other hand, 
evaporates without leaving a deposit. 

(6.) Should easing the exhaust valve not meet the case, then it must be 
removed and its seat cleaned of any foreign substance that may have become 
attached to it. Eventually it may be necessary to grind the valves in. 

Explanation. — When the valve does not work freely in its guide, or when 
foreign substances prevent it from closing down tight, a part of the uncon- 
sumed charge enters the exhaust head and exhaust pipe during the com- 
pression period. On ignition, the portion of the charge in question becomes 
ignited also inside the exhaust head and exhaust pipe through the opening 
left by the exhaust valve, the gases of combustion being driven through the 
exhaust pipe with a more or less loud explosion ; the pressure is not exerted 
on the piston, and the engine cannot start. 

2. The Engine refuses to start, without the occurrence of accompany- 
ing Explosions in the Exhaust Pipe. 

Cause of the trouble. — Ignition does not take place, (a) in engines with 
hot-tube ignition, because the tube is not hot enough or because it becomes 
foul inside. 

Explanation and remedy. — In petrol, benzol, and alcohol engines, the hot 
tube only acts when it is red-hot. It is necessary to see whether the heating 
lamp is burning well ; its supply must be regulated and the cinder removed 
from the wick. 

Should the valves be tight and the lamp burning well, the trouble can 
only be traceable to the stopping up of the ignition tube or of the carburettor. 
This occurs mostly in paraffin engines working with vaporisers, when these 
engines are too freely lubricated or when the fuel supply is too abundant. 
In the latter case, the objects near the exhaust pipe outlet are frequently 
wet with paraffin over a large radius. 

(6.) In engines fitted with electric ignition. Electric ignition is subject 
to many disturbing influences. In cold weather, water is deposited on the 
internal parts of the device, this water coming from the products of com- 
bustion ; or lubricating oil is deposited on the sparking points ; or again the 
insulation is covered on the inside with a coating of Boot and carbonised oil. 
In low- tension ignition devices, the lever frequently works stiffly, or its 
spring is damaged, broken, or it falls off. The current conductor may 
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become loose at the engine terminal or be broken ; or it may be badly 
insulated and may touch a metallic part of the engine. 

Explanation and remedy. — The most common cause is the " sweating " of 
the parts in the combustion chamber. This occurs in cold weather, when the 
mixture drawn in is much hotter than the inside of the engine. The 
moisture of the air and the fuel vapours resolve themselves into a damp 
coating on some fittings of the ignition device, and sparking is prevented. 

Preventive measures. — The ignition mountings or the plug should be 
removed for a short time before starting the engine, and deposited in a warm 
place. The engine should be started immediately the device is replaced. 

The ignition interrupter lever spindle sticks fast. 
Explanation and remedy. — This spindle becomes very hot when the 
engine is running, and its working may be interfered with by the formation 
of rust, or by clogging owing to the coagulation of the oil that is sprayed 
against it, while the strength of the weak spring driving the lever against the 
contact point becomes insufficient. The spindle is wetted with paraffin and 
worked up and down until it moves freely. A good attendant always sees 
that the ignition lever works freely before starting his engine. 

The ignition interrupter lever spring falls off, is damaged or broken. 
Explanation and remedy. — The ignition interrupter lever spring being 
repeatedly strained and released, the ends by which it is fixed may become 
slightly bent, or the spring may become stretched. In either case it may 
happen that the ignition lever does not complete its return movement, and 
sparking is not regular. A number of spare springs must be kept at hand. 

Circuit is broken. 
Explanation and remedy. — The conductors should often be inspected. The 
contact screws which hold the wire or the conductor easily become loose ; 
it is most important always to test the current before starting. In plug 
ignition, when the plugs become loose, sparks may be noticed, a sign that the 
metallic parts holding the plug and the engine come in contact with each 
other. With low-tension ignition, the fingers may be placed in connection 
with the contact screw and ignition interrupter lever, and the apparatus is 
given a slight rocking motion ; a slight shock will then be felt if the device 
is in working order. 

3. The Engine, fitted with an Electric Ignition Device, stops 
after a few Ignitions. 

Cause of the trouble. — (a.) Electric ignition refuses to act, because in cold 
weather the inner portion of the device is wet from the water vapours due to 
the first explosions. 

Explanation and. Remedy. — The gases resulting from the combustion of 
the charge in the cylinder are water vapour and carbonic acid. The water 
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vapour is turned into water in the combustion chamber, because its sides are 
still cold and absorb the heat rapidly, and it is only after a number of 
successive explosions that the walls become sufficiently hot to prevent any 
further condensation of the vapour. As already stated, the plugs or the 
mountings should be removed and heated. 

(ft.) The oil spray era may also refuse to work after the first few ignitions. 
While the engine is standing, large quantities of oil collect at the bottom of 
the cylinder, or, in vertical engines, on the piston head. The working of the 
piston drives this oil towards the combustion chamber, where it spreads after 
the first few ignitions. If a drop of the oil reaches the sparking points or 
comes between the interrupter lever and point, this would be quite sufficient 
to prevent ignition. In this case the plug or ignition mountings should be 
removed and cleaned. In order to prevent this trouble in horizontal engines, 
many builders now fit the combustion chamber with a drain-cock, through 
which the excess of lubricating oil should be blown off after starting. It is 
also as well to open this cock, and to turn the engine for a little while without 
supplying it with fuel. An oil blow-off cock cannot be fitted to vertical 
engines. 

This cock is also useful for ascertaining whether an inflammable mixture 
is properly formed, and whether ignition takes place or not. When the fuel 
supply is open, the engine revolved slowly and the oil-cock opened before 
completing compression, if mixture formation and ignition are working 
properly, a light-blue flame is driven with a good deal of noise through the 
cock. Should no such flame be produced, either the mixture formation or 
ignition is out of order. If a flame be held at the cock opening, and the 
out- rushing current of gas becomes ignited, it is a proof that ignition is in 
default. Should a yellow flame appear at the cock, it is a sign there is too 
much fuel in the mixture. In automobiles, the pet cock may be used for 
such tests. These tests, of course, must be carried out with care. For 
lighting the mixture, an alcohol lamp burning with a long flame should be 
used preferably to any other. The wick of the lamp should not be opposite 
the cock opening. One's body, and especially one's head, should be held well 
out of the way, for the flame issuing from the cock may cause dangerous 
burns. 

4. Running is effected only after a large number of Idle Revolutions ; 
the Engine develops no power, because Ignition fails periodically. 

This trouble may be due to several causes. 

Cause a. — The exhaust valve spring has become fatigued ; is too weak or 
broken, b. — The fuel proportion in the charge is not normal, c. — In tube 
ignition, the tube is not sufficiently hot. 

Explanation and Remedy, — (a.) If the exhaust valve spring has become 
fatigued, or is too weak or broken, it does not offer sufficient resistance during 
the suction period, and the exhaust valve opens during this period as well as 
the suction valve. In this case air or combustion gases remain in front of 
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the exhaust valve, in the exhaust head or exhaust pipe, enter the cylinder and 
reduce the quality of the mixture to such a degree that it becomes uninflam- 
mable. This uninflammable mixture, which, however, contains fuel, is driven 
into the exhaust head, and part of it returns to the cylinder on the next 
suction-stroke. On the first stroke there entered only into the cylinder gases 
of combustion ; on the next a weak mixture is formed, and at each successive 
suction-stroke this becomes enriched until it becomes inflammable and results 
in a working stroke, when the same sequence is repeated. The length of 
the period between explosions is dependent on the strength of the spring. 

(ft.) Ignition ceases periodically, because tlie proportion of fuel in tlie charge 
is too low. 

Explanation. — Here also the charge becomes richer gradually as in the 
case pointed out under (a). Should the weak mixture formed be inflammable 
of itself, it becomes transformed, on mixing with the products of combustion 
remaining in the combustion chamber, into an uninflammable mixture, and it 
is only when the products of combustion are, as it were, overcome by a 
second, third, or fourth suction-stroke, when therefore a pure though perhaps 
poor mixture is formed in the combustion chamber, that ignition takes place. 
Then fresh combustion gases are produced, and the sequence is repeated. 

(c.) Ignition becomes irregular, because tlie ignition tube is not sufficiently hot. 

The poorer the charge and the colder the engine, the higher must be the 
temperature of the ignition tube to insure regular ignition. It is possible for 
a mixture supplied pure from the carburettor to become ignited by a tube 
having only a low temperature, but this does not happen when the mixture is 
adulterated by the products of combustion which remain in the combustion 
chamber. In this case also ignition fails periodically until the mixture 
gradually becomes sufficiently enriched. 

5. Irregular Running. 

The engine runs fast, then slows dovm. 

Cause of the trouble. — Faulty action of the governor. 

Explanation and remedy. — In the case of engines fitted with a centrifugal 
governor, regularity in running depends very much upon the careful handling 
of this mechanical device. The arms, slides, guides, etc., all the parts in fact 
which constitute the governor, must always be kept well lubricated, otherwise 
it works stiffly and jams occasionally, this, of course, greatly reducing its 
sensitiveness. When it acts well at first and gradually becomes irregular in 
its action, the fault is attributable to lack of proper attention. It is not 
advisable that the driver should take it to pieces, but he should use turpentine 
or paraffin at the lubricating parts to dissolve the coagulated lubricating oil, 
until it runs freely. Then thinner lubricating oil should be used. 

In small engines, in most of which absolutely regular running is not 
essential, inertia governors should be used, as they are easier to keep in order 
than centrifugal governors. In inertia governors the sharp tripping edges 
may wear down in time, but this may be remedied by resharpening them or 
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by renewing the tripping piece. In the latter case, care should be taken to 
see that the new edges are of correct length. 

6. The Engine stops after running for some time. 

This may be attributable to — (a.) Ignition not taking place, (b.) The 
valves leaking, (c.) The asbestos joints being damaged, (d.) The nuts on the 
valve chest cover or on the ignition mountings having slackened back, (e.) 
The fuel supply pipes being stopped up. (/.) The presence of too much 
water in the exhaust head, (g.) Lubrication being defective. 

Explanation and remedy, — (a.) The most delicate part in any engine is the 
ignition, especially when this is one of the electric systems. It is necessary in 
the first place to ascertain whether ignition occurs regularly or not. This is 
done in the quickest and safest way by opening the oil or blow-off cock, the 
flame which appears from this showing whether ignition does take place or 
not. The failure of the ignition may be due to loosened terminal screws on 
the ourrent conductors ; holding down of the ignition interrupter lever ; broken 
or damaged spring on the exterior arm of the ignition lever ; soot or 
carbonised oil on the insulation inside the combustion chamber ; oil drops, 
water condensed on the ignition insulation ; or fracture of the insulator. 
Testing for ignition is carried out in the manner above described. 

(b and c.) — It is possible to discover immediately whether leaky valves or 
other leaky parts are the cause of the trouble when the resistance to compres- 
sion is small and the pressure quickly falls. Resistance to compression is 
tested more quickly when the flywheel is turned backwards. The cause of 
any leak is traced by a hissing noise, which occurs when the flywheel is 
turned backwards. The point which leaks is found by means of an uncovered 
light, by using oil or soap-water (when air-bubbles are formed), or by the 
action on fine threads of waste. 

(d.) — The nuts on the inlet or exhaust valve chests, or on the ignition 
mountings, may become loose ; especially is this liable to occur when new 
packing has been inserted. The material used, asbestos pulp, absorbs damp 
rapidly, the water evaporates after starting the engine, the asbestos pulp 
dries, and the first screwing up of the nuts becomes insufficient. Where this 
asbestos pulp is used, the nuts should be tightened down after the engine has 
started running. If this be not done, the joint is damaged and blown out. 

(«.) — Notwithstanding the fact that some kind of filter is used in every 
engine installation, stoppages may occur in the fuel supply pipe from filings 
or other foreign matter finding their way in between the filter and the engine 
during erection of the plant. The openings in the carburettor are very small, 
and very fine particles suffice to stop them up. The filters also may become 
stopped up in course of time, especially if they have not a sufficient filtering 
surface. When an engine stops, therefore, the carburettor and the float valve 
should be removed and inspected, to see whether the fuel has a free passage 
or not. 

(/.) Presence of too much water in the exhaust Jiead. — The exhaust head, or 
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silencer, frequently receives too little attention. Usually, and this is a grave 
mistake, it is not made easily accessible. The exhaust head, as is well known, 
is not only intended to stifle the noise of exhaust, but is also required to 
collect the water condensed from the gases of combustion. In cold weather, 
and with long exhaust pipes, the quantity of this water becomes so large that 
it must be run off several times a day. If this be not done, the water, especi- 
ally with " hit and miss " governing, may easily find its way to the cylinder 
of the engine and cause the latter to stop, either by disturbing electric igni- 
tion, by causing the hot ignition tube to break, or by having an unfavourable 
influence on the mixture formation. The removal of water from the cylinder 
is frequently an intricate operation ; it involves the removal of the inlet valve 
and soaking up the water with a ball of rolled-up waste. All such difficulties 
are prevented when, in cold weather, the blow-off cock, or the exhaust head 
is left open so that the water can drain away. 

(g.) Defective lubrication of cylinder or bearings. — When using ring lubri- 
cation, splash lubrication, or lubrication under pressure, defects under this 
head rarely occur. The oil supply pipes or the lubricating ports may become 
stopped up, or the screws fixing the covers of the bearings may be too tight, 
and the delivery of oil may be hindered, and one or more bearings become 
hot and a resistance sufficient to stop the engine may result. When the engine 
is cleaned, the driver should therefore see that the flow of oil to each lubri- 
cating point is perfect ; he should also make sure that no bearing runs hot 
after the engine has been working for any length of time. 

7. The power developed is too small, or the Engine runs too slowly. 

Cause* of the trouble. — (a.) The ignition is timed too early or too late. 
(b.) If an automatic inlet valve is used, the spring is too stiff or the valve has 
too short a travel, (c.) Misfires occur, (d.) The valves or the piston are no 
longer tight, or leakage occurs at the other points, (e.) The exhaust valve 
is stopped up. (f.) The exhaust valve spring is damaged or too weak, (g.) 
The parts forming the gearing, or bolts or washers, have become worn, (h.) 
The gear wheels have become relatively displaced, and the wrong teeth engage 
one another, (i.) Too small a quantity of fuel is supplied. 

The decrease in power developed is one of the most common and most 
annoying of troubles ; it occurs as a rule with engines worked to the limit of 
efficiency. 

(a.) The ignition is timed too early or too late. — The great influence which 
an accurate timing of the ignition has on the power developed, was only 
realised as recently as about ten years ago, since the construction of high- 
speed automobile engines and large gas engines, and since the introduction of 
electric ignition, by which means the instant of ignition can be very simply 
controlled. 

The greater the speed ; the greater the dimensions of an engine ; or the 
poorer the charge, the earlier must the ignition take place. Devices for con- 
trolling the time of ignition when the engine is running, are therefore of the 
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greatest importance for a large development of power, and the driver must 
thoroughly understand the action of these devices. 

(b.) The inlet valve spring is too weak or the valve lias too short a travel. 
An important point in the development of power in a gas engine is the 
action of the inlet valve. If the capacity of the cylinder is to be properly 
taken advantage of, it must be filled with as large a charge as possible. An 
automatic valve cannot satisfy this condition of working, as its action cannot 
be controlled. It opens only when suction on the suction-stroke has become 
sufficient to overcome the weight of the valve or the strength of the spring. 
The valve then does not remain steadily open, but vibrates, providing a 
passage of constantly varying size. This results in two disadvantages : (1) the 
quantity of the charge is reduced, and (2) there is also a possibility that the 
valve only closes when at the end of the stroke a part of the charge in the 
cylinder back-fires, air being a compressible medium. 

The irregularities due to the closing of the inlet valve too late, give rise 
to : (1) reduction in the power developed ; (2) loss of fuel ; and (3) odour 
in engine-room. In order to ascertain whether the charge is driven back 
through the inlet valve, an uncovered flame or a fine thread is held in front 
of the air inlet port ; if the flame or the thread is blown outwards on comple- 
tion of the suction-stroke, the charge is wasted. By altering the tension of 
the spring, or by replacing the spring by a stronger or a weaker one, the 
defect can usually be remedied. 

(c.) Misfiring. — Ignitions periodically missed, or retarded ignitions, occur 
with tube ignition when the tube is not sufficiently hot. This can be 
remedied by renewing the asbestos in the flame chimney and by reducing 
cooling. 

(d.) Leakage of values, piston, or covers. — Leakage in the engine leads to loss 
of fuel. The smaller the dimensions of the engine and the higher compression 
is, the greater are the disadvantages due to leakage. Leakage of the valves 
can only be traced by inspecting their ground faces. The piston is not tight 
when there is a hissing noise when the engine is running. In engines with 
enclosed crank casings (automobile engines, etc.), the cover must be removed 
and the engine turned round by hand, to ascertain whether the hissing noise 
is produced. Leaks in the covers of the valves, ignition mountings, etc., can 
be traced, as already stated, by using oil or soap-water. 

(e.) Stopping up of exfiaust pipe and exhaust head. — Loss of power due to 
the stopping up of the exhaust pipe always occurs gradually. The cause of 
this is the formation of carbonised oil, the deposit of coagulated lubricating 
oil, and, in petrol engines, of uuburnt fuel residues, which settle down in 
course of time on the sides of the exhaust head and pipe. The more copious 
the lubrication of the piston, and the less frequent the use of the oil blow-off 
cock, the more rapidly does this trouble arise. In course of time, in every 
internal combustion engine, the exhaust pipe opening becomes constricted. 
When the lubrication of the piston is done carefully, the blow-off cock made 
use of regularly, and the fuel in paraffin engiues supplied in correctly pro- 
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portioned charges, the narrowing down of the exhaust pipe occurs more slowly. 
But the exhaust pipe has from time to time to be unscrewed from the exhaust 
head and inspected. The carbonised oil and paraffin residues should be 
burnt out by placing the pipe on a smith's hearth. 

(/.) Damaged or too weak exhaust valve spHng. — Every spring gradually 
loses its strength, and the exhaust valve requires a spring which has always 
the same strength. During the suction period, there is a partial vacuum in 
the working cylinder, against which the exhaust valve must offer resistance. 
On the other hand, the spring must not be too strong for the exhaust gear to 
overcome the end pressure when performing the opening movement. The 
driver should ascertain occasionally by hand whether the strength of the 
exhaust valve spring is correct. 

(g.) Tlie parts of the valve gear, bolts, washers, and bearings liave become worn. 
— The wearing of these parts reduces the opening period of the valves, the 
products of combustion cannot be completely discharged, the charge contains 
more gases of combustion and less mixture, resulting in low working 
pressures. 

(h.) The gearing pinions are displaced, and tlie teeth are not in mesh correctly. 
— The taking down of the gearing of internal combustion engines is a rare 
occurrence, but just because it is but seldom necessary, it may happen that 
on putting the engine together again the driver does not pay sufficient heed 
to the marks made on the teeth. If the teeth are shifted to any great extent, 
the engine will not run ; if there is a difference of only one or a few teeth, 
the engine will run, but it will develop a much smaller power. When an 
engine is found to develop less power after the lay-shaft has been removed 
and replaced, it is practically certain that the wrong teeth in the pinions are 
in gear. 

8. Explosions occur while drawing in the Charge. 

The causes of this are : (a.) Formation of slowly burning mixtures, (b.) Im- 
perfect cooling, (c.) Burning of lubricating oil vapours, (d.) Red-hot carbon- 
ised oil particles or asbestos fibres, (e.) "Pockets" inside the combustion 
chamber. 

Explanation. — Explosion during the suction period, or back-firing, is 
always due to a premature ignition of the charge on entrance into the work- 
ing cylinder, while the inlet valve is still open. This belongs to the most 
annoying class of troubles, and is frequently most difficult to remedy. As a 
possible course, under (a) is given the formation of slow-burning mixtures, due 
to insufficient amount of fuel or too large a proportion of combustion residues. 
If there is only a small proportion of fuel, the combustion of the charge 
proceeds so slowly, that the flame remains in the cylinder during the exhaust 
period and also during the commencement of the suction period, producing 
there an undesirable means of ignition which comes into action at quite the 
wrong period, and the suddenly formed gases of combustion rush out with 
more or less noise through the open inlet valve. 
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(b.) Imperfect cooling. — The higher the temperature of the combustion 
chamber walls, the higher is the temperature of the residues that remain 
there, and the greater the risk of the fresh charge becoming ignited on enter- 
ing. The larger the engine, the thicker are the walls of the combustion 
chamber and, in this case, the longer it takes to cool them, resulting probably 
in more frequent back-fires, especially when the engine is running at a high 
speed. In large engines, therefore, the temperature of the cooling water 
must not rise so high as with small ones. 

(c.) Burning of lubricating oil vapours. — The cylinders are usually lubri- 
cated with mineral oil. As the combustion temperature in the cylinder rises 
much higher than the temperature of distillation of the oil, oil vapours are 
produced which, under normal conditions, burn with the charge, doing useful 
work. But should the mixture of these oil vapours with the charge be incom- 
plete, or should it not contain a sufficient proportion of air, it burns much 
more slowly than 'the correct charge, and this slow burning may result in the 
firing of the following charge. 

A peculiar point about back-firing is that the explosions always occur 
singly, after short or long intervals. This is easily explained. When a back- 
fire occurs, more or less of the cylinder surface has been laid bare, almost the 
whole of the oil-covered surface is exposed to the high temperature of com- 
bustion, and large quantities of oil vapours are formed and driven out through 
the inlet valve. Another ignition does not follow immediately, because the 
air-pipe and suction passages do not contain air, but the products of combus- 
tion resulting from the back-firing. The cylinder cools down somewhat, the 
excess of lubricating oil has been carried away, and for a time normal running 
proceeds. By using a heavier lubricating oil and reducing lubrication, the 
irregularity may be minimised. 

(d.) Incandescent carbonised oil or asbestos fibres. — When the combustion 
chamber, the exhaust valve, and piston are not sufficiently cleaned, particles 
of carbonised oil are easily deposited, become red-hot, and lead to premature 
ignition of the entering charge. Small pieces of asbestos fibre which find 
their way into these parts may have similar effects. The asbestos packing 
must always be cut clean and held securely in place. Good engines, however, 
have no asbestos packing, but are made throughout with ground joints ; 
these ne.ed to be handled with care, but they are the best and most reliable 
and do not leak: 

(e.) "Pockets" which are in direct connection with the explosion chamber. — 
This cause of back-firing is but little known. The space need not be large, 
and the 10 mms. (§ in.) bore of the iudicator mounting, or the bore for the oil- 
cock, or that for the water drain-cock, which is found still in the older types 
of engines on the ignition tube, may be quite sufficient to cause this trouble. 

Explanation. — The blind holes of different length become filled with gases 
of combustion after the working-stroke ; on compression, inflammable mixture 
is driven inside them, and there is thus formed a slow-burning mixture which 
increases while the new charge is being drawn in! Towards the middle of the 



264 OIL MOTORS. 

suction-stroke, when the piston travels faster and a greater vacuum is formed 
inside the cylinder, the flame issues from its " hiding-place " and ignites the 
mixture in the cylinder. 

The boring for indicator cocks must therefore be closed by a screw plug 
which fills it up completely. The oil drain-cocks must be made very narrow 
or replaced by valves. 

9. Knocking Occurs in the Engine. 

Since the time when high-speed engines working with high compression 
and electric ignition were built, it has become necessary to make it possible to 
regulate the timing of ignition, and one of the duties of the driver is to be 
familiar with present-day conditions. When ignition is too late, power is 
lost ; if it occurs too early, the engine runs more stiffly, and bad knocking 
occurs from time to time. With a hot tube, ignition may also occur prema- 
turely, and the engine runs stiffly, power is decreased, and the life of the 
engine reduced. Premature and irregular ignition with the tube occurs with 
short, wide, and also conical -shaped tubes. The evil is lessened by reducing 
the opening of the tube in the combustion chamber, by inserting inside it a 
wrought-iron ferrule. 

Knocking of a special character . occurs in paraffin and petrol engines. 
These fuels, and especially paraffin, withstand only a low compression, as they 
have a very low ignition temperature. If, added to this, the engine is in- 
sufficiently cooled and runs at a high speed, the charge ignites before the 
dead point is reached, simply owing to the heat of compression. This kind of 
ignition is of quite a different nature to the ordinary ignition which starts 
from one point ; it has the character of a veritable explosion, resulting in 
the general and complete ignition of the mixture. The knocks so caused are 
violent and extremely detrimental to the engine, and the fracture of crank- 
shafts and crank-shaft bearings may be the result. This explains the loss of 
propeller blades in motor-boats. 

Knocking caused by the wear of separate parts of the mechanism is 
regular in occurrence, while compression ignitions occur singly in most cases, 
and only after running temperatures have been reached. 

The parts the most liable to wear arc the gudgeon pin, the flywheel key, 
and the crank bearing. Since about the middle of the 'eighties, when the 
greater number of engine-builders ceased to key the flywheel on the cylindri- 
cal seating of the shaft, and took to shrinking it on to a tapered fit, knocking 
due to a loosened key no longer occurs. When, however, the flywheel and 
locking nut are not sufficiently tight, and no safety arrangement is provided, 
the engine stops still with a sudden jerk and the flywheel works loose on the 
shaft. 

10. The Engine runs at too high a Speed. 

The cause of periodical or constant excessive speed in the engine is 
always traceable to the governor. A periodic increase and decrease in speed 
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occurs when the governor is insufficiently lubricated or is worn. When the 
engine runs steadily at too high a speed, this is usually due to defective 
governor gear. When the governor is not carefully attended to, the lubrica- 
tion ports become foul and no oil reaches the governor spindle or ring, friction 
is set up, the teeth of the pinions break, or, if the governor is driven by a 
belt, 1 this may fall off and the engine get out of control. Should the belt 
fall by reason of the high speed of the engine, the occurrence is a most serious 
one. The flywheel may break, the connecting rod bolts may shear off, and 
the engine in such a case will break down completely. 

Bangers and Precautions with Internal Combustion Engines. 

Every engine has its own peculiar dangers, and the driver must make 
himself acquainted with these in order to guard against them. With internal 
combustion engines the principal dangers are from fire or explosion due to 
the kind of fuel they use. 

Fire and explosion risks are entailed by leakage of the fuel supply pipes, 
and the driver must therefore make sure that all connections are tight. 
When pipes have been removed and replaced, all connections and flanges must 
be screwed up tight and tested for leaks. Most of the petrol engines now 
used are so built that the fuel is supplied to them under a very low pressure, 
either by placing the fuel tank at a level slightly higher than the engine, or 
by creating a pressure inside the tank. As soon, therefore, as a leak occurs 
at any part of the piping, the whole tank empties itself. The fuel runs into 
the engine-room, and fires or explosions cannot be prevented if this should 
catch alight. 

Notwithstanding all the regulations laid down by the Insurance Companies, 
the greatest care must be exerted. 

The greatest risks for the driver himself arise from the easily volatilised 
fuel residues which may remain in the engine. When an engine in which an 
un ignited mixture has remained, is opened out, either by removing a valve 
or removing the piston, the mixture may become ignited if the ignition is 
electric and the engine is revolved. A large flame then issues from the open 
valve or from the cylinder opening. 

In such cases, the driver has often been severely burnt ; the accident may 
be provided against by taking care to see that before any work be undertaken 
on the engine, ignition is cut out ; then a light is held, from a distance, inside 
the cylinder to ignite the charge or portion of a charge that may remain. 

All persons occupied in such inspection of engines must receive due notice 
of the risks in question. No man must be allowed to revolve the flywheel 
by pressing with his foot on the wheel arms, or taking hold of the rim in such 
a way that his arm extends through the wheel between the spokes. The 
flywheel must always be drawn towards one either by taking hold of the arms 
or the rim, and not driven away from one. In this operation a firm foothold 

1 The driving of the governor by a belt is dangerous and should never be adopted. 
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must be secured ; efforts should be abandoned as soon as it is found that they 
are not sufficient to overcome compression. 

Inspection of the inside of a heating-lamp chimney or cowl should never 
be permitted during running. It has very often happened that the ignition 
tube has cracked at the very instant it was being seen to, and hot porcelain 
splinters and particles of hot asbestos fibre have been driven in the attendant's 
eyes. The danger is greatly increased when, during inspection, the lamp or 
the chimney are displaced in any way. 

In a general way, mention may also be made of the dangers arising from 
lack of protection of flywheels, belts, shafts, and toothed gearing. In these 
directions protective measures have only too often been ignored. Protective 
wire-netting guards for flywheels, belts, etc., are effective only when made 
high enough to prevent persons leaning on them. As far as it is practicable, 
all engines should be provided with compressed-air starting arrangement. 

The wiping and handling of moving engine parts should be forbidden, 
and the driver should not, above all things, approach toothed gears with 
cleaning waste, for even when these are protected with covers, threads of the 
waste may become seized by the gear and may draw in the driver's hand 
before he can free himself. The action of a number of fitters and drivers of 
taking hold of the connecting rod when the engine is running, or in allowing 
the connecting rod end to touch the hand to see whether the bearing is loose 
or is running hot, is always a dangerous practice. All works now fit a cover 
over the crankshaft and connecting rod, so that this cannot be done with 
modern engines. 
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Engine-room of passenger and cargo ship, 

showing Diesel engines, 21 7. 
Erection and attendance of liquid fuel 

engines, 237. 
" Ergin," a mixture of benzol distillates, 6. 
and alcohol mixtures, 16, 17. 
fire risks and regulations, 16. 
mixture formation with, 16. 
production, calorific value and price of, 16. 
Ernst Eisemann & Co. 's improvements to 

electric ignition, 85. 
Exhaust pipe of liquid-fuel engines, 239. 
Extraction of liquid fuels, 1 . 

Fats, liquid fuel from, 7. 

Feed pump for starting Tangyes engines, 

119. 
Filter, the Blanke & Rast oil, 75. 

Körting's wire gauze, 60. 

Longuemare's, for automobiles, 60. 
wire gauze, 60. 
Fire-engine, Daimler engine -driven, 231. 
Fire risks with paraffin engines, 14. 

with petrol engines, 11. 
Fischer cable terminal eye, 91 . 

magneto-electric ignition apparatus, 83. 

safety crank for starting, 70. 
Flywheel governor, Körting's, 68. 
Foundations for liquid-fuel engines, 237, 239. 
Four-cylinder AdlerweTke automobile engine, 
142. 

11 Bayard " automobile engine, 151. 

Daimler automobile engine, 146. 

Swiderski automobile engine, 152. 
Friction gear for motor boats, Daimler, 204. 
Fuel filters, 60. 

liquid, derived from coal, 5. 

pumps, 58. 
Funk, patentee for an ignition tube, 77. 

Galician oil-fields, 1. 

Ganz engine-driven plough, 232. 

locomobiles, 224. 
Gardner one-cylinder paraffin boat engine, 
171. 
stationary engines, 115. 

details of, 117. 
two-cylinder paraffin boat engine, 172. 
Gases from coal, 5. 
Gasolenes, specific gravity of, 4. 
Gasoline gas engines of Otto & Langen, 18. 
German conditions ruling the installation of 
liquid-fuel engines, 247. 



German oil-fields, 1. 

" Gnom " vertical engines, details of, 118. 

Governing of engines, methods available, 65. 

Governor of Capitaine engine, 31. 

Governors for engines, 65. 

Grob k Co. 's reversible propeller, 209. 

valveless oil-pump, 59. 

wood-sawing and cutting machine, engine- 
driven, 236. 
Ground for foundations of liquid-fuel engines, 

237. 
Gudgeon pins, types of, 44. 
Gunboat equipped with Diesel engines, 218. 

Hanover oil-fields at Peine, 1. 
Haselwander and Trinkler engines, 27. 
Heating lamps for oil and petrol engines, 

61. 
Heavy fuel carburettors, 55. 
"Hexe" six-cylinder automobile engine, 
148. 

six-cylinder car, chassis of, 187. 
High-tension ignition, advantages of, 85. 

diagram of connections for, 88. 

plug, Bosch, 88. 
Hit and miss governing, 66. 
Hock engine built in 1873, 18. 
Homogengas from petroleum distillates, 4. 
Honold system of magneto- ignition plug, 90. 
Horizontal engine frame, with cylinder 
liner, 41. 

trunk piston type, 40. 

type with crosshead guide, 40. 
Hornsby-Akroyd paraffin engine, 32. 
Hot- tube ignition, 25, 76. 

sections, 78. 
Hydrirene, specific gravity of, 4. 
Hydrocarbons, liquid, from coal tar, 5. 

Ignition devices for oil and petrol engines, 
76. 
methods aud regulations with petrol 

engines, 11. 
of Deute stationary engines, 101. 
of Körting stationary engines, 95. 
of paraffin, 13. 
Illuminating oils, specific gravity of, 4. 
Inclined engine type, crank-shaft below, 40. 
Inertia governor, Krupp's, 67. 
Inflammability of petroleum distillates, 5. 
Installations ariven by liquid-fuel engines, 

243. 
Irregularities in running, correction of, 254. 

Kämper boat engines, 173. 

and winch-driving engines,details of, 175. 
Kerosene, calorific value of, 12. 

characteristics of, 12. 

distillated from petroleum, 3. 

price of, 12. 
Kjelsberg paraffin engine, 28. 
Korff, Bremen, distillates obtained by, 8. 

petrol, specific gravity of, 4. 
Körting airship engine, 177. 

carburettor for stationary engines, 50. 

cylinder lubricator, 74. 

engine-driven pumps, 227. 
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Körting engine-driven traverser, 235. 

flywheel governor, 68. 

liquid-fuel stationary engines, 92. 
ignition, 95. 

paraffin engine for submarines, 169. 

radiator, 241. 

stationary engines, details of, 97. 

water- work installation, motor-driven, 
225. 

wire gauze filter, 60. 
Krupp inertia governor, 67. 

" La Motosacoche " carburettor, 157. 
cycle engine, 158. 
motor cycle, 199. 
Lamps, heating, for oil and petrol engines, 

61. 
Lenoir's electric ignition, 79. 
Lieut. Troost's motor-driven tractor, 199. 
Light fuel carburettors, 48. 
Lighting oils, specific gravity of, 4. 
Liquid distillates of mineral coal, 5. 
Liquid-fuel engines and steam engines com- 
pared, 180. 
coupled to dynamos on boats and vehicles, 

210. 
driving various installations, 243. 
engine installations: conditions in force 
in Germany, 247. 
Liquid fuels, characteristics of, 9. 
classification of, 9. 
for power production, 9. 
from various substances, 7. 
their origin and extraction, 1. 
Location of liquid-fuel engines, 238. 
Locomobiles, liquid-fuel engine- driven, 220. 
Locomotive, motor-driven, for field and forest 

track, 205. 
Locomotives, engine-driven, 204. 
Longuemare carburettor, 53. 
for heavy fuel, 57. 
latest type, 54. 
filter for automobiles, 60. 
wire gauze filter, 60. 
Lubricating apparatus for cylinders, 73. . 
oils distil la ted from jMjtroleum, 3. 
pump, the Blanke k Raste, 74. 
the Deutz, 74. 
Lubrication of cylinders, 71. 
Lubricator of the Deutz Co., 74. 
of the Körting Co., 74. 

Magneto electric ignition, 84. 
Maschinenfabrik "Cyklon" cycle engine, 

162. 
" Maurer-Union " automobile engines, 154. 

chassis, gear and carriage body, 188. 
Mechanically driven agricultural plants and 

dairies, 243. 
Meissner reversible propeller, 211. 
" Mercedes Simplex" chassis, gear and cars, 

188. 
Mineral oil and its distillates, 1. 

tar : its origin, 2. 
Mining locomotive, motor-driven, 206, 207. 
Mixture governing, 66. 



I Mixture of alcohol and "ergin," method of 
making, 17. 

of fuel in j>aramn and petrol engines, 47. 

of paraffin and air, difficulties experienced 
with, 12. 

of petrol and air : rapidity of their forma- 
tion, 11. 
Motor boats of recent construction, 204. 

car engines: their history and develop- 
ment, 137. 

cars of recent construction, 182. 

cycle construction, history and develop- 
ment of, 180. 

•driven water- and air-pumps, 225. 

omnibus, Daimler, 192. 

petrol, specific gravity of, 4. 

Naphtha and its distillates, 1. 
Neckarsulmer Company's carburettor, 54. 

contact-breaker, 86. 

cycle engine, 156. 

motor tricycle, 198. 

sparking-plug, 85. 
North American oil -fields, 1. 

" Obkrursel " engine driven crane, 232. 
locomotives, 204. 
winding winch, 231. 
horizontal engines, details of, 112. 
locomobiles, 220. 
stationary engines, 109. 
vertical engines, details of, 113. 
Oil engine development, 27. 
fields : their location, 1. 
filter, the Blank k Rast, 75. 
of turpentine substitute, specific gravity 

of, 4. 
pump of the Swiderski engine, 58. 
Oils for lubrication: their characteristics, 71. 
Omnibus, Daimler motor-driven, 192. 
Omnibuses driven by liquid- fuel engine and 
I dynamo, 210. 

I One -cylinder, Gardner, paraffin boat engine, 

171. 
t " Maurer-Union " engine, 154. 
i Origin of liquid fuels, 1. 
1 Otto, N. A. f invents four-stroke-cycle com- 
| pression gas engine, 22. 

k Langen engines of 1867, 18. 
Overhanging propeller by the Cudell Co., 

211. 
Ozokerite: its origin, 2. 

Paraffin and air, difficulty in forming mix- 
ture of, 12. 
and crude oil stationary engines, 126. 
and petrol engines, component parts of, 41. 

construction of, 39. 

first built, 18. 

working of, 38. 
boat engine, Deutz, 170. 

Gardner one -cylinder, 171. 

Gardner two-cylinder, 172. 

Körting, for submarines, 169. 
distillated from petroleum, 3. 
engine development, 27. 
engine-driven installations, 243. 
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Paraffin engines, characteristics of, 27. 
ignition, fire risks and regulations, 14. 
inflammability of, 13. 
oil, calorific value of, 12. 
characteristics of, 12. 
price of, 12. 
precautions for transport and storage of, 

14. 
stationary engines : conditions ruling their 

installation in Germany, 250. 
two-cylinder, Swiderski, boat engine, 164. 
Peat, liquid fuel from, 7. 
Peine (Hanover) oil-field, 1. 
Pennsylvanian oil-fields, 1. 
Petrol-air mixtures, inflammability of, 11. 
Petrol and alcohol stationary engines, 92. 
and paraffin engines, component parts of, 
41. 
construction of, 39. 
first built, 18. 
working of, 38. 
Petrol, calorific value of, 10. 
characteristics of, 10. 
engine-driven installations, 243. 
engine, the first, driving a railway vehicle, 

24, 201. 
engines, ignition, fire risks and regulations, 

11. 
for automobiles, specific gravity of, 4. 
for cleaning, specific gravity of, 4. 
for lighting, specific gravity of, 4. 
for stationary engines, specific gravity of, 

4. 
methods of ignition, 11. 
price of, 10. 
stationary engines : conditions ruling their 

installation in Germany, 247. 
vapours : rapidity of mixture with air, 1 1. 
Petroleum and its distillates, 1. 
as fuel, 3. 
composition of, 3. 
distillates, classification of, 3. 
inflammability of, 5. 
specific gravity of, 4. 
their uses, 4. 
ether, specific gravity of, 4. 
for medicinal purj>oses, 3. 
Refining Co. 's distillates, 3. 
specific gravity of, 3. 
Piston of engines : its construction, 43. 
ring manufacture, 44. 
ring studs, 45. 
with fixed gudgeon, 44. 
with movable gudgeon, 44. 
Pivoting propeller and engine by the Cudell 

Co., 211. 
Plough, engine-driven, the Ganz, 232. 
Plug for Bosch high-tension ignition, 88. 
Porcelain hot- tube sections, 78. 
Portable engines, 220. 
Potato spirit as liquid fuel, 7. 
Power-driven vehicles, history and develop- 
ment of, 180. 
Power production, liquid fuel for, 9. 
Precautions to be taken with engines, 254. 
Pressure pump for lubrication, the Deutz, 
74. 



Propeller and engine, pivoting device by the 
Cudell Co., 211. 

blade reversing device, 210. 

types for motor boats, 204. 
Pump, Diesel engine fuel-, 59. 
air-, 129. 

Grob valveless oil-, 59. 

of the Akroyd paraffin engine, 34. 

oil-, of the Swiderski engine, 58. 
Pumps, motor-driven, 225. 
Putzöl, specific gravity of, 4. 

Qualitative regulation of engines, 66. 
Quantitative regulation of engines, 66. 

Radiating ribs on cycle engine cylinders, 

156. 
Radiators for engine cooling, 211. 
Rail car built by Daimler in 1887, 201. 
vehicles driven by combustion engines, 
201. 
driven by internal combustion engines, 
180. 
Railway carriage, Daimler motor-driven, 
203. 
vehicle driven by a petrol engine, the first, 
24, 201. 
Retarding ignition for governing, 67. 
Reversible propeller, by Grob & Co., 209. 
by K. Meissner, 211. 
propellers for motor boats, 205. 
Reversing of engines by compressed air, 210. 

gears for boat engines, 211. 
Rhigolene, specific gravity of, 4. 
Road vehicles driven by internal combustion 

engines, 180. 
Rock oil and its distillates, 1. 
Roll-mill driven by liquid-fuel engine, 246. 
Rosins, liquid fuel from, 7. 
Roumanian oil-fields, 1. 
Running of engines : attendance required, 

251. 
Russian gunboat, showing Diesel engines, 
218. 
oil -fields, 1. 
Rutgers werke Co. 's improvements in benzol 
production, 16. 
treatment of benzol, 6. 

Safety crank for starting, Fischer's, 70. 

Sail propeller for motor-boats, 204. 

Ship and boat engines: their history and 

development, 163. 
Shunting locomotive, motor-driven, 206, 207. 
Simms- Bosch ignition with "Bayard" 

ongine, 151. 
Six-cylinder "Hexe" automobile engine, 
" 148. 

Hexe " car, chassis of, 187. 

Körting submarine engine, 169. 
" Sleipner" boat engines, 164. 

details of, 167. 
Sohnlein stationary engines, 121. 

details of, 123. 
" Solaröl," obtained from brown coal, 7. 
Sparking plugs, 84. 
S|>ecific gravity of crude petroleum, 3. 
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Specific gravity of petroleum distillates, 4. 
Speed governors for engines, 6. r ». 
Spirit, potato, as liquid fuel, 7. 
Standardisation of automobile engines, 138. 
Starting and reversing engines by compressed 
air, 210. 

crank, Fischer's safety, 70. 

devices, 69. 

of engines, instructions for the, 251. 
Stationary engine carburettor, Körtings, 50. 

engines on railways, 138. 

engines using paraffin and crude oil, 126. 

Longuemare's, 53. 

liquid-fuel engines: conditions ruling in 
Germany, 247. 

petrol and alcohol engines, 92. 
Steam engines and liquid-fuel engines com- 
pared, 180. 
Stopping the engine, how to proceed for, 

252. 
Submarine boat engines using paraffin, 169. 
Supply and mixture of fuel, 47. 
Swedish oil-heating lamp, 64. 
Swiderski engine-driven pumps, 226. 

engine oil -pump, 58. 

engine on Troost tractor, 201. 

four-cylinder automobile engine, 152. 

locomobiles, 225. 

paraffin engine for heavy cars, 153. 

stationary engines, 106. 

two-cylinder paraffin boat engine, 164. 

Taxgte's alcohol engine, 120. 

engine-driven pumps, 229. 

locomobiles, 223. 

piston-ring stud, 45. 

stationary engines, 118. 
Tar distillates, 5. 

Terminal eye for cables, the Fischer, 91. 
Thornycroft boat engines, 175. 

racing boat, 215. 
Titusville (Pennsylvania), first tube well 

at, 2. 
Traction engines : their history and develop- 
ment, 137. 
Tractor, motor-driven, by Lieut. Troost, 199. 
Transmission of liquid-fuel engines, location 
for, 238. 

gears for boat engines, 211. 
Transport of heavy parts of engines, 238. 
Traverser, engine-driven, by Körting, 285. 
Trinkler and Hasel wander engines, 27. 



Trinkler stationary engine, 134. 
Trolley, Daimler, motor-driven, 203. 
Xroost's motor-driven tractor, 199. 
Troubles with engines: their cause and 

remedies, 254. 
Tube-ignition device, the Daimler, 25, 76. 

the Funk, 77. 
Tube well, the first, 2. 

Two-cylinder, Qardner, paraffin boat engine, 
172. 

Swiderski, paraffin boat engine, 164. 

11 Union " automobile engines, 154. 

chassis, gear and carriage body, 188. 
Uses of petroleum distillates, 4. 

Valve arrangement of engines, 42. 

of Trinkler engine, details of, 135. 
Valves : their arrangement, 46. 
Vaporiser of Deutz stationary engines, 100. 
Vehicles driven by liquid- fuel engine and 
dynamo, 210. 
power- driven, history and development of, 
180. 
Veloyene, specific gravity of, 4. 
Verdau Company's piston ring stud, 45. 
Vertical engine frame, with cylinder liner, 
42. 
type, crankshaft above, 40. 
crankshaft below, 40. 
" Ville de Paris " airship, 219. 

Wanderer- Fahrradwerke cycle engine, 161. 

motor cycle, 198. 
Water- and air-pumps, motor-driven, 225. 

cooling of liquid-fuel engines, 240. 
Weights of engines for traction purposes, 

188. 
Well, the first tube, 2. 
Winch-driving engines, Hamper, details 

of, 176. 
Winding winch, engine-driven, the " Ober- 

urBel,"231. 
Wittig k Hees petrol engine, 22. 
Wood, liquid fuel from, 7. 
-sawing and cutting machine, engine - 
driven, 236. 
Working cylinder of engines, 41. 
of paraffin and petrol engines, 38. 

Zeppelin airship, 219. 
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»6 CHARLES Q BIFFIN de CO.'S PUBLICATIONS. 

Fourth Edition, Revised, with Numerous Diagrams* Examples* and 
Tables, and a Chapter on Foundations. In Large 8w. Cloth, its . 

THE DESIGN OF STRUCTURES: 

A Practical Treatise on the Building of Bridges, Roofs, Ac. 
By S. ANGLIN, C.E., 

Master of Engineering, Royal University of Ireland, late Whitworth Scholar, ex. 
"We can unhesitatingly recommend this work not only to the Student, as the as» 
Text-Book on the subject, but also to the professional engineer as an exoesdinolv 
▼aluabls book of reference/'— AfAr&MMra/ World. 



In Large Crown 8vo. Handsome Cloth. With 201 Illustrations. 6s. net. 
AN INTRODUCTION TO 

THE DESIGN OF BEAMS, 

GIRDERS, AND COLUMNS 
IN MACHINES AND STRUCTURES. 

With Examples in Graphic Statics. 

By WILLIAM H. ATHERTON, M.Sc, M.LMbch.& 

"▲ very useful source of information. . . , A work which we commend very 

Third Edition, Thoroughly Revised. Royal %oo. With numerous 
Illustrations and 13 Lithographic Plates. Handsome Cloth. Price 301. 

A PRACTICAL TREATISE ON 

BRIDGE-CONSTRUCTION : 

Being a Text-Book on the Construction of Bridges in Iron and Steel. 

FOR THE U8E OF 8TUDENT8, DRAUGHTSMEN, AND ENGINEERS 

By T. CLAXTON FIDLER, M. Inst.CR, 

Prof, of Engineering, University College, Dundee 

"The new edition of Mr. Fidler's work will again occupy the same conspicuous 
position among professional text-books and treatises as has been accorded to its pre- 
decessors. Sound, simple, and füll."— The Engineer. 



In Medium &vo. Pp. t-xv + 248, fully Illustrated. Price ior. 6a\ net. 

CONSTRUCTIONAL STEELWORK: 

Being Notes on the Practical Aspect and the Principles of Design, together 
with an Account of the Present Methods and Tools of Manufacture. 

By A. W. FARNSWORTH, 

Associate Member of the Institute of Mechanical Engineers. 

" A worthy volume, which will be found of much assistance. . • . A book of 
particular value."— Practical Engineer. 
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In Large 8vo. Handsome Cloth, Gilt, Uniform with Stability of 8Mp$ 

and Steel Ships (p. 38). With 34 Folding Plates and 468 

Illustrations in the Text. 30s. net. 

The Principles and Practice of 

DOCK ENGINEERING. 

By BRYSSON CUNNINGHAM. 

GENERAL CONTENTS. 

Historical and Discursive.— Dock Design.— Constructive Appliances.— 
Materials. — Dock and Quay Walls. — Entrance Passages and Looks. — 
Jetties, Wharves, and Piers.— Dock Gates and Caissons. — Transit Sheds 
and Warehouses. — Dock Bridges. — Graving and Repairing Docks. — 
Working Equipment of Docks.— Index. 

11 We have never seen a more profusely-illustrated treatise. It is a most Important 
standard work, and should be in the hands of all dock and harbour engineers."— Stemmthip. 
" Will be of the greatest service to the expert as a book of reference."— Bngin^r. 



In Large 8vo» With Folding Plates and Numerous Illustrations. 16s. net. 

A COMPANION VOLUME TO "DOCK ENGINEERING." 

THE PRINCIPLES AND PRACTICE OF 

HARBOUR ENGINEERING. 

By BRYSSON CUNNINGHAM. 

Contexts. — Introductory. — Harbour Design. — Surveying, Marine and 
Submarine.— Piling.— Stone, Natural and Artificial.— Breakwater Design.— 
Breakwater Construction. — Pierheads, Quays, and Landing Stages. — 
Entrance Channels.— Channel Demarcation.— Index. 



In Large Crown 8vo. Handsome Cloth. 4s. 6d. net. 

THE THERMO-DYNAMIC PRINCIPLES OF 
ENGINE DESIGN. 

By LIONEL M. HOBBS, 

Engineer-Lieutenant. R.N. ; Instructor in Applied Mechanics and Marine Engine 
Design at the Royal Naval College, Greenwich. 

Contents. — Laws and Principles of Thermo-Dynamics. — Hot- Air 
Engines. — Gas and Oil Engines. — Refrigerating Machines. — Transmission 
of rower by Compressed Air. — The Steam Engine. — Unresisted Expansion 
and Flow through Orifices.— Flow of Gases along Pipes. — Steam Injectors 
and Ejectors.— Steam Turbines. —Appendices.— Index. 

"Serves its purpose admirably . . . should prove of invaluable service . . . well 
•p-to-date.'-SMpjrfiw World. 
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In Handsome Cloth. With 252 Illustrations. 15s. net. 

THE THEORY OF THE STEAM TURBINE. 

A Treatise on the Prtneinles of Construction of the Steam Turbine, 
with Historical Motes on its Development. 

By ALEXANDER JUDE. 

Contents'^ Fundamental.— Historical Notes on Turbines.— The Velocity of Steam.— 
Types of Steam Turbines. —Practical Turbines.— The Efficiency of Turbines, Type I.— 
Trajectory of the Steam.— Efficiency of Turbines, Types II. III. and IV.— Turbine Vanes.— 
Disc and Vane Friction in Turbines. — Specific Heat or Superheated Steam. — Strength 
of Routing Discs.— Governing- Steam Turbines.— Steam Consumption of Turbines.— The 
Whirling of Shafts.— Speed of Turbines.— Index. 

"One of the latest text-books . . . also one of the best . . . there is absolutely 
no padding."— Sir William White in the Times Engineering Supplement. 



In Large Crown 8vo. Handsome Cloth. With 131 Illustrations. 6s. net. 

LEGTURES ON THE MARINE STEAM TURBINE. 

By Prof. J. HARVARD BILES, M.IK8T.N.A-, 

Professor of Naval Architecture in the University of Glasgow. 
" This is the best popular work on the marine steam turbine which has yet appeared."— 



Works by BRYAN DONKIN, MJnst.C.E., M.Inst Meeh.E, &c. 

Fourth Edition, Revised and Enlarged. With additional Illustrations. 
Large 8vo, Handsome Cloth. 25s. net. 

A TEXT-BOOK ON 

01 A 3, OIL, AND AIR ENGINE3. 

By BRYAN DONKIN, MJnst.C.E., M.Inst.Mech.E. 

Contents.— Part I.— Gas Engines : General Description of Action and Parts.— 
Heat Cycles and Classification of Gas Engines. — History of the Gas Engine. — The 
Atkinson, Griffin, and Stockport Engines-— The Otto Gas Engine.— Modern British Gas 
Engines. — Modern French Gas Engines.— German Gas Engines.-- Gas Production for 
Motive Power.— Utilisation of Blast-furnace and Coke-oven Gases for Power.— The Theory 
of the Gas Engine.— Chemical Composition of Gas in an Engine Cylinder.— Utilisation of 
Heat in a das Engine.— Explosion and Combustion in a Gas Engine. — Pakt II. — 
Petroleum Engines : The Discovery, Utilisation, and Properties of Oil.— Method of 
Treating Oil.— Carburators. — Early Oil Engines. — Practical Application of Gas and Oil 
Engines.— Part III.— Air Engines.— Appendices. — Index. 

"The best book now published on Gas, Oil, and Air Engines."— Engineer. 

In Quarto, Handsome Cloth. With Numerous Plates. 25s. 

THE HEAT EFFICIENCY OF STEAM B0ILER8 

(LAND, MARINE, AND LOCOMOTIVES). 

By BRYAN DONKIN, M.Inst.C.E. 

General Contents.— Classification of Different Types of Boilers. —425 Experiments on 
English and Foreign Boilers with their Heat Efficiencies shown in Fifty Tables. — Fire 
Grates of Various Types. — Mechanical Stokers. — Combustion of Fuel in Boilers. — Trans- 
mission of Heat through Boiler Plates, and their Temperature.— Feed Water Heaters, 
Superheaters, Feed Pumps, &c. — Smoke and its Prevention.— Instruments used in Testing 
Boilers. — Marine and Locomotive Boilers. — Fuel Testing Stations.— Discussion of the Trials 
and Conclusions.— On the Choice of a Boiler, and Testing of Land, Marine, and Locomotive 
Boilers.— Appendices.— Bibliography.— Index. 

" Probably the most exhaustive resume that ha« ever been collected. A nuoxioat 
Book by a thoroughly practical man."— Iron and Coal Trades Rtvitv 
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Fourth Edition, Revised. Pocket-Size, Leather, 12b. 6d. 

BOILERS, MARINE AND LAND!: 

THEIR CONSTRUCTION AND STRENGTH. 

A Handbook or Rules, Formula, Tables, Ac., bklattvr to Matbbiai, 

80ANTI1INO8, and Pressures, Safety Valves, Springs, 

Fittings and Mountings, &o. 

FOR THE USE OF ENGINEERS, SURVEYORS, BOILERMAKERS, 

AND STEAM USERS. 

By T. W. TRAILL, M.Inst. O.E., F.E.R.N., 

Late Engineer Surveyor-ln-Chlef to the Board of Trade. 

M Contain« an Bbobmous Qoaarrrr or Ibvobxatiob amanged In a very convenient form. . . 

A mow uoruL volumb . . . supplying Information to be had nowhere else. —Tat £tao*t««r. 



Fifth Edition. Large Crown 8vo. With numerous 
Illustrations. 6s. net. 

ENGINE-ROOM PRACTICE: 

A Handbook for Engineers and Officers in the Royal Navy and' Mercantile 

Marine, including the Management of the Main and Auxiliary 

Engines on Board Ship. 

By JOHN G. LIVERSIDGE, R.N., A.M.I.C.E 

Contents.— General Description of Marine Machinery.— The Condi lIour of Service end 
Duties of Engineers of the Royal Navy.— Ettry «od Condi t ions at Sorticeof Engineer» of 
the I .ending S.S. Companies.— BaJaing: Steam— Duties of & Nteaming Wetöh on Engl n er 
and Boilers.— Shutting off 8team —Harbour Dntles and Witchee — Adjn»tiaeDUi and 
Repairs of Engines. — Pr es erva tion and Repairs of "Tank" Kolter» ^ The Hah *nd Its 
Wrangs.— Cleaning and Painting Machinery.— Reotproontiu^ pumps, Feed Heaters, and 
Automatio Feed -Water Regulatora — Evaporators. — titoaiu Boats. — Electric Light 
Machinery.— Hydraulic Machinery.— Air-Compressing Panics. -Refrigerating Machines 
—Machinery or Destroyers.— The Management of water Tube Boilers- Regals Lions for 
Entry of Assistant Engineers, R.N.— Questions given in fci am in at Ions for Promotion of 
«engineers, R.N.— Regulations respecting Board of Trade f.inmiuaiion« for Kndneers. *e 

"This vbbt useful book. . . . Tllüstb-TIOWS are of gbkat iMi-oRtaNmtn b work 
of this kind, and it is satisfactory to find that special a iiiotjo b hit* been gitau tn this 
respect."— Engineer$' GaxetU 

Fifth Edition, Thoroughly Revised and Greatly Enlarged. 
With Numerous Illustrations. Price 10s. 6d. 

VALVES AND VALVE - GEARING : 

A Practica/ Text-book for the use of Engineers, Draughtsmen, and Students. 
By CHARLES HURST, Practical Draughtsman. 

PART I.— Steam Engine Valves. I Part III.— Air Compressor Valves and 

Part n.— Gas Engine Valves and Gearing. 

Gears. I Part IV.— Pump Valves. 

" Mm. HuasT's valvbs and valvb-obabiso will prove a very valuable aid, and tend to the 
production of Engines of soisrnnc bbsiob and bcohomical wobbjbo. . . . Will be largely 
sought after by Students and Designer*."— If or*»« Engimmr. 

" As a practical treatise on the subject, the book stands without a rival"— M echanieal 
World. 

Hint* on Steam Engine Design and Construction. By Charles 
Hurst, "Author of Valves and Valve Gearing. " Second Edition, 
Revised. In Paper Boards, 8vo., Cloth Back. Illustrated. Price 
Is. 6d* net. 
Ooktbvts.— L Steam Pipes.— II. Valves.— III. Cylinders— IV. Air Pumps and Con- 
densers.- V. Motion Work.— VI. Crank Shafts and Pedestals.— VIL Valve Gear.-VIII. 
Lubrication.— IX. Miscellaneous Details — Indsx. 

•• A handy volume which every practical young engineer should possess."— The Mod« ■ 
Bnginur. 
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Skookd Edition, Revised. With numerous Plates reduced from 
Working Drawings and 280 Illustrations in the Text. 21s. 

A MANUAL OF 

LOCOMOTIVE ENGINEERINGS 

A Practical Text-Book for the Use of Engine Builders, 

Designers and Draughtsmen, Railway 

Engineers, and Students. 

By WILLIAM FRANK PETTIGREW, M.Inst.CE. 

With a Section on American and Continental Engines. 

By ALBERT P. RAVENSHEAR, B.Sc, 

Of His Majesty 1 ! Patent Office. 
OonienU.— Historical Introduction. 1768-1868. — Modern Locomotives: Simple.— 
Modern Locomotives: Compound.- Primary Consideration in Locomotive Design.— 
Cylinder!, Steam Chests, and Stuffing Boxes.— Pistons, Piston Bods, Orossheads. and 
Sude Bars.— Connecting and Coupling Bods.— Wheels and Axles, Axle Boxes, Hornblooka, 
and Bearing Springs.— Balancing.— Valve Gear.— Slide Valves and Valve Gear Details.— 
Framing, Bogies and Axle Trucks, Radial Axle Boxes.— Boilers.— Smokebox, Blast Pipe, 
firebox Fittings.— Boiler Mountings.— Tenders. - Railway Brakes.— Lubrication.— Con- 
sumption of Fuel, Evaporation and Engine Efficiency.— American Locomotives.— Con- 
tinental Locomotives.— Repairs, Running, Inspection, and Renewals.— Three Appendices. 



"The work ooktaihb all that cam bs leamtt from a book upon snob a subject. It 
will at once rank as thb stasdabd woek upoh this important sübjxot.*— Railway Magasine. 



In Large 8vo. Fully Illustrated. 8s« 6d. net. 

LOCOMOTIVE COMPOUNDING AND SUPERHEATIHC. 

By J. F. G AI ENS. 

Cohtxhts.— Introductory.— Compounding and Superheating for Locomotives.— A 
Classification of Compound Systems for Locomotives.— The History and Development of 
the Compound Locomotive. —Two-Cylinder Non-Automatic Systems.— Two-Cylinder 
Automatic Systems.— Other Two-Cylinder Systems.— Three-Cylinder Systems.— Four- 
Cylinder Tandem Systems.— Four-Cylinder Two-Crank Systems (other than Tandem).— 
Four-Cylinder Balanced Systems.— Four-Cylinder Divided and Balanced Systems.— 
Articulated Compound Engines.— Triple-Expansion Locomotives.— Compound Back 
Locomotives.— Concluding Remarks Concerning Compound Locomotives.— The use of 
Superheated Steam for Locomotives.— Index. 

44 A welcome addition to the library of the railway engineer. "—Engineering Times. 



In Large &vo. Handsome Cloth. With Plates and Illustration*. 16s. 

LIGHT RAILWAYS 
AT HOHE AND ABROAD. 

By WILLIAM HENRY OOLE, M.Ihbt.O.E., 

Late Deputy-Manager, North- Western Railway, India. 
Contents.— DiscuBsion of the Term "Light Railways."— English Railways, 
Rates, and Farmers.— Light Railways m Belgium, France, Italy, other 
European Countries, America and the Colonies, India, Ireland.— Road Trans- 
port as an alternative.— The Light Railways Act, 1896.— The Question of 
Gauge.— Construction and Working.— Locomotives and Rolling-Stock.— Light 
Railways in England, Scotland, and Wales.— Appendices and Index. 

u Will remain, for some time yet a Standard Wokx in everything relating to Light 
«anwara/'— Engineer. 

" The whole subject is exhaustively and praoxioallt considered. The work can be 
cordially recommended as i* dispensable to those whose duty it is to become acquainted 
with one of the prime necessities of the immediate future"— Railway Official Gazette. 
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In Crown 8vo. Handsome Cloth. Fully Illustrated. 6s. net. 

PRACTICAL CALCULATIONS FOR ENGINEERS. 

By CHARLES E. LARARD, 

A.M.Inst.O.B.. M.LMech.R. Wh.Exh., 
Head of the Mochanicnl Engineering j>epartment at the Northampton Institute, London, E.G. 

And H. A. GOLD IN G, A.M.LMech.K 

Contents.— Section I.— Contracted Methods of Calculation.— Technical Mensura- 
tion.— Practical Calculation by Logarithms.— The Slide Rule and its Applications.— 
Squared Paper and its Uses. Section II.— Pulleys and Wheels in Train.— Speed .Ratios 
and Practical Examples.— Principle of Moments Applied to Practical Problems.— Work 
and Power.— Energy and Speed Fluctuations.— Transmission of Work through Machines. 
—Friction and Efficiency.— Transmission of Power.— Shafting.— Motion on a Circle.— 
Momentum, Acceleration, and Force Action. Section III.— Temperature Scales.— Units 
of Heat.— 8peciflc Heat.— Heat and Work.— Heat Value of Fuels.— Heat Losses in Engine 
and Boiler Plant.— Properties of Steam.— Moisture and Dryness Fraction.— Steam and 
Fuel Calculations.— Boiler Efficiency.— Size of Boiler.— Engine Calculations.— Power, 
Indicated and Brake.— Calculations for Dimensions.— Steam Consumption and Willans 
Law.— Efficiencies, Comparative Costs of Power Production.— Commercial Efficiency. 
Section IV.— The Commercial side of Engineering.— Calculation of Weights.— Division 
of Costs, Material and Labour, Shop Charges and Establishment Charges.— Estimates.— 
Profit.— Use of Squared Paper in the Estimating Department and to the General 
Management. 

" Exactly what it should be in order to make it useful to students and practitioners of 
engineering. —Manchater Guardian. 



Sixth Edition. Folio, strongly half-bound, 21s. 

TRAVERSE TABLES: 

Computed to Four Places of Decimals for every Minute of Angle 

up to 100 of Distance. 

For the Use of Surveyors and Engineers. 

By RICHARD LLOYD GURDEN, 
Authorised Surveyor for the Governments of New South Wales and Victoria. 

* # * Published with the Concurrence 0/ the Surveyors- General for New South 
Wales and Victoria. 

" Those who hare experience in exact Survby-work will best know how to appreciate 
the enormous amount of labour represented by this valuable book. The computations 
enable the user to ascertain the sines and cosines for a distance of twelve miles to within 
half an inch, and this by rbfzrbnc* to but Onb Table, in place ot the usual Fifteen 
minute computations required. This alone is evidence of the assistance which the Tables 
ensure to every user, and as every Surveyor in active practice has felt the want of such 
assistance raw knowing of thkir publication will remain without thbm." 
—Engineer 

Strongly Bound in Super Royal 8vo. Cloth Boards. 7s. 6d. net. 



For Calculating Wages on the Bonus or Premium Systems. 

For Engineering, Technical and Allied Trades. 

By HENRY A. GOLDING, A.M.I nst.M.E., 

Technical Assistant to Messrs. Bryan Donkin and Clench, Ltd., and Assistant Lecturer 
in Mechanical Engineering at the Northampton Institute, London, B.C. 

"Cannot fail to prove practically serviceable to those for whom they have been 
designed."— Sootaman. 
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Second Edition. Large 8vo, Handsome Cloth. With 
Illustrations, Tables, &c. 21s. net. 

Lubrication & Lubricants: 

A Treatise on the Theory and Practice of Lubrication, and on the 
Nature, Properties, and Testing of Lubricants. 

BT ARD 

LEONARD ARCHBUTT, 7.I.O., F.C.S., B. IL DEELEY, ILI.Heoh.E., F.G.8. 

Chemist to the Mid. By. Go. Chief Looo. Super., Hid. By. Co. 

CONTEhts.— I. Friction of Solids.— II. Liquid Friction or Viscosity, and Plastic 
Friction.— UX Superficial Tension.— IV. The Theory of Lubrication.— v. Lubricants, 
their Sources, Preparation, and Properties.— VI. Physical Properties and Methods of 
Examination of Lubricants.— VII. Chemical Properties and Methods of Examination 
of Lubricants.— VIIL The Systematic Testing of Lubricants by Physical and Chemical 
Methods.— IX. The Mechanical Testing of Lubricants.— X. The Design and Lubrication 
of Bearings.— XI. The Lubrication of Machinery.— Ibtox. 

"Contains practically all that ib khown on the subject. Deserves the careful 
attention of all Engineers."— Raüvwy Official Gazette. 



Fourth Edition. Very fully Illustrated, Oloth, 4s. W. 

STEAM ~ BOILERS: 

THEIR DEFECTS, MANAGEMENT, AND CONSTRUCTION, 

By R. D. MUNRO, 

Chief Engineer of the Scottish Boüer Insurance and Engine Inspection Company. 
" A valuable companion for workmen and engineers engaged about Steam Boilers, ought 
to be carefully studied, and always at hand."— Cell. Guardian. 



Br the same Author. 

KITCHEN BOILER EXPLOSIONS: Why 

they Occur, and How to Prevent their Occurrence. A Practical Handbook 
based on Actual Experiment. With Diagram and Coloured Plate. 3s. 



In Crown %vo, Cloth. Fully Illustrated. 5*. net. 

EMERY GRINDING MACHINERY. 

A Text-Book of Workshop Practice in General Tool Grinding;, and the 
Design, Construction, and Application of the Machines Employed. 

Bv R. B. HODGSON, A.M.Inst.Mech.E. 

" Eminently practical . . . cannot fail to attract the notice of the users of this class of 
machinery, and to meet with careful perusal."— C/um. Tradt Journal. 



Fifth Edition. In Two Parts, Published Separately. 
A TEXT-BOOK OF 

Engineering Drawing and Design. 

By SIDNEY H. WELLS, Wh.Sc, A.M.I.C.E., A.M.I.Mech.E. 
Vol. I. — Practical Geometry, Plane, and Solid. 4s. 6d. 
Vol. II. — Machine and Engine Drawing and Design. 4s. 6d. 

With many Illustrations, specially prepared for the Work, and numerous 

Examples, for the Use of Students in Technical Schools and Colleges. 

" A capital fun-Boos, arranged on an ucblukt stsibm, calculated to girean mteUlfemt 
grasp of the subject, and not the mere faculty of mechanical copying. . . . Mr. Wells shows 
how to make coMPLin wobxmo-d*a wines, discussing fully each step in the design."— M" " ' 



LONDON: CHARLES GRIFFIN & CO., LIMITED EXETER STREET, STRAND. 



BNGINKURINQ AND MEÖHAN108. ft 

In Three Parts. Crown 8vo, Handsome Cloth. Very Fully Illustrated. 

MOTOR-CAR MECHANISM AND MANAGEMENT. 

By W. POYNTER ADAMS, M.Inst.KE. 
PART I.— THE PETROL CAR. 5«- net 

Second Edition. With important new Appendix, illustrating and defining parts 
of actual cars in use. 

Contents.— Section I. — The Mechanism of the Petrol Car.— 
The Engine. — The Engine Accessories. — Electrical Ignition and Accessories. 
—Multiple Cylinder Engines.— The Petrol. —The Chassis and Driving Gear. 
—Section II.— The Management of the Petrol Car.— The Engine.— 
The Engine Accessories. — Electrical Ignition. — The Chassis and Driving 
Gear. —General Management. —Appendix. —Glossary. — Index. 

" Should be carefully studied by those who have anything to do with motors." — Auto- 
mobil* and Carriage Builders* Journal. 

V PART II. The Electrical Car, and PART III. The Steam Car will be 
issued shortly. 



In Large 8vo. Handsome Cloth. Very Fully Illustrated. 18s. net 
A MANUAL OF 

PETROL MOTORS AND MOTOR-CARS. 

Comprising the Designing, Construction, and Working of Petrol Motors. 
By F. STRICKLAND. 

General Contents.— Part I.: Engines.— Historical.— Power Required.— General 
Arrangement of Engine».— Ignition. —Carburettors.— Cylinders, Pistons, Valves, Ac.— 
Crank Shafts, Crank Chambers, CamB, Runners, Guides, £c— Pumps. — Flywheels.— 
Pipe Arrangements.— Silencers.— Engine Control, Balancing.— Motor Cycle Engines.— 
Marine Motors.— Two-Cycle Motors.— Paraffin Carburettors.— Gas Producers. Part 
n. : Cars.— General Arrangements. —Clutches.— Transmission. — Differential Gears.— 
Universal Joints.— Axles. — Springs. — Radius Rods. — BrakeB. — Wheels. — Frames. — 
Steering Gear. —Radiator. — Steps, Mudguards, Bonnets, Ac. — Lubrication. — Ball 
Bearings.— Bodies.— Factors of Safety.— Calculations of Stresses.— Special Change Speed 
Gears.— Special Cars.— Commercial vehicles.— Racing Cars.— Index. 

"Thoroughly practical and scientific. . . . We have pleasure in recommending it to alL" 
— Meehaniau Engineer. 

In Large 8vo. Cloth. Fully Illustrated. 10b. 6d. net. 

THE PROBLEM OF FLIGHT. 

By HERBERT CHATLEY, B.So.(Eng.), London, 

Lecturer in Applied Mechanics, Portsmouth Technical Institute. 

Contents.— The Problem of Flight— The Helix— The Aeroplane. — The Aviplane.— 

Dirigible Saloons.— Form and Fittings of the Airship.— Afpknoicbs (The Possibility of 

Flight* Weight, A Flexible Wing, theory of Balance, Bibliography).— Indbx. 

" An epitome of the knowledge available on the subject."— Scotsman. 



In Crown 8vo. Handsome Cloth. With 105 Illustrations. 5s. net. 

MECHANICAL ENGINEERING 

FOR BEGINNERS. 

By R. S. M c LAREN. 

Contents.— Materials.— Bolts and Nuts, Studs, Set Screws.— Boilers.— Steam Raising 
Accessories.— Steam Pipes and Valves.— The Steam Engine.— Power Transmission.— 
Condensing Plant.— The Steam Turbine.— Electricity.— Hydraulic Machinery.— Gas and 
Oil Engines.— Strength of Beams, and Useful Information.— Index. 
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PROFESSOR JAMIESON'S ADVANCED TEXT-BOOKS. 

In Large Crown &vo. Fully Illustrated. 

STEAM AND STEAM-ENGINES, INCLUDING TURBINES 

AND BOILERS. For the Use of Engineers and for Students preparing 
for Examinations. With 800 pp., over 400 Illustrations, 11 Plates, many 

' B. of E., C. and G., Questions and Answers, and all Inst. C.E. Exams« 
on Theory of Beat Engines. Fifteenth Edition, Revised. 10s. 6d. 

" The But Book yet published for the use of Students."— Engineer. 

APPLIED MECHANICS & MECHANICAL ENGINEERING. 

Including All the Inst. C.E. Exams, in (1) Applied Mechanics; 
(2) Strength and Elasticity of Materials; (3a) Theory of Structures; 
(ii) Theory of Machines ; Hydraulics. Also B. of E. ; C. and G. Questions. 
Vol. 1. — Comprising 508 pages, 300 Illustrations, and Questions: 
Part I., The Principle of Work and its Applications; Part IL: Friction, 
Lubrication of Bearings, &c. ; Different kinds of Gearing and their Appli- 
cations to Workshop Tools, &c. Fifth Edition. 8s. 6d. 

" Fully maintains the reputation of the Author."— Pract. Engineer. 

Vol II. — Comprising Parts III. to VI., with over 800 pages, 371 Illus- 
trations ; Motion and Energy, Theory of Structures or Graphic Statics ; 
Strength and Elasticity of Materials ; Hydraulics and Hydraulic 
Machinery. Fifth Edition. 12s. 6d. 

"Wbll and lucidly wkittbn. "—The Engineer. 

*»* Each of tkt above volumes is complete m itself, and sold separately. 



PROFESSOR JAMIESON'S INTRODUCTORY MANUALS 

Crown &vo. With lUustratitns and Examination Paptrt. 

STEAM AND THE STEAM-ENGINE (Elementary 

Manual of). For First- Year Students, forming an Introduction to the 
Author's larger Work. Eleventh Edition, Revised and Enlarged. 3/6. 

" Should be in the hands of bvbry engineering apprentice,"— Practical Engineer. 

MAGNETISM AND ELECTRICITY (Practical Elementary 

Manual of). For First- Year Students. With Stud. Inst. C. E. and B. of E. 
Exam. Questions. Seventh Edition, Revised and Enlarged. 3/6. 
" A thoroughly tjiustworthy Text-book. Practical and dear."— Nature. 

APPLIED MECHANICS (Elementary Manual of). 

For First- Year Students. With B. of E., C. and G. ; and Stud. Inst C.E. 
Questions. Eighth Edition, Revised and Greatly Enlarged. 3/6. 
" The work has vkry high qualities, which nay be condensed into the one word 
1 CLSAR.' "—Science and Art. 



i POCKET-BOOK of ELECTRICAL RULES and TABLES. 

For the Use of Electricians and Engineers. By John Munro, C.E., 
and Prof. Jamieson. Pocket Size. Leather, 8s. 6d. Eighteenth 
Edition. [See p. 49. 

LONDON: CHARLES GRIFFIN A CO., LIMITED, EXETER STREET, STRAND. 



BNQ11TBMRINQ AND MEOHANIC8. 35 

WORKS BT W. J. MACQÜ0RN RAMKINE, LL.D., F.R.S. 

Thoroughly Revised by W. J. MILLAR, C.B. 



A MANUAL OF APPLIED MECHANICS : Comprising the 
Principles of Static« and Cinematic«, and Theory of Structure«, 
Mecnanism, and Machines. With Numerous Diagrams. Crown 0V0, 
Cloth. Sbvbntkenth Edition. 12b. 6d. 



A MANUAL OP CIVIL ENGINEERING: Comprising Engin- 
eering Surveys, Earthwork, Foundations, Masonry, Carpentry, Metal 
Work, Roads, Railways, Canals, Rivers, Waterworks, Harbours, &o. 
With Numerous Tables and Illustrations. Crown 8vo, Cloth. 
Twenty-Third Edition. 16s. 



A MANUAL OP MACHINERY AND MILLWORK: Com- 

prising the Geometry, Motions, Work, Strength, Construction, and 
Objects of Machines, &o. With nearly 300 Illustrations. Crown 
8vo, Cloth. Seventh Edition. 12s. 6d. 



A MANUAL OP THE STEAM-ENGINE AND OTHER 

PRIME MOVERS. With a Section on Gab, Oil, and Aib 
Engines, by Bbtan Donkin, M.InstC.E. With Folding Plates 
and Numerous Illustrations. Crown 8vo, Cloth. Seventeenth 
Edition. 12s. 6d. 

USEPUL RULES AND TABLES: For Architects, Builders, 
Engineers, Founders, Mechanics, Shipbuilders, Surveyors, Ac. With 
Appendix for the use of Electrical Engineer*. By Professor 
Jamieson, M.Inst. O.E., M.LE.E. Seventh Edition. 10s. 6d. 



A MECHANICAL TEXT -BOOK: A Practical and Simple 
Introduction to the Study of Mechanics. By Professor Rankine 
and E. F. Bambeb, C.E. With Numerous illustrations. Crown 
8vo, Cloth. Fitth Edition. 9s. 

V The " BfaoKAViOAL Tbxt-Book " mi deripurf by Professor Rajnuva at an brnu» 
voonoM to the above Stritt of Manuals. 



MISCELLANEOUS SCIENTIFIC PAPERS. Part I. Tempera- 
ture, Elasticity, and Expansion of Vapours, liquids, and Solids. 
Part IL Energy and its Transformations. Part HI. Wave-Forms, 
Propulsion of Vessels, &o. With Memoir by Professor Tafi, M.A. 
with fine Portrait on Steel, Plates, and Diagrams. Royal 8vo. 
Cloth. 31s. 6d. 

" No mora enduring Memorial of Professor Rankine could be devised than the publica- 
tion of thew papers in an accessible form. . . . The Collection is most valuable or 
account of the nature of his discoveries, and the beauty and completeness of his analysis. ** 
—Architect. 

IDNDON: GHABLE8 GRIFFIN & CO., LIMITED, EXETER STREET, 8TRAND 



36 CHARLES OfilFFIN A C0.'8 PUBLICATIONS. 

Third Edition, Thoroughly Revised and Enlarged. With 60 Plates and 
Numerous Illustrations. Handsome Cloth. 34s. 

HYDRAULIC POWER 

AND 

HYDRAULIC MACHINERY. 

BT 

HENRY ROBINSON, M. Inst. C.E., F.G.S., 

FBLLOW OF KING'S COLLSSK, LONDON ; «OF. EMERITUS OF CITIL KNGINZKRING, 
king's COLLSGK, BTC, KTC 

Contents —Discharge through Orifices. — Flow of Water through Pipes.— Accumulators. 
—Presses and Lifts.— Hoists.— Rams.— Hydraulic Engines.— Pumping Engines.— Capstans. 
— Traversers. —Jacks. — Weighing Machines. — Riveters and Shop Tools. — Punching. 
Shearing, and Flanging Machines. — Cranes. — Coal Discharging Machines. — Drills and 
Cutters. — Pile Drivers, Excavators, &c. — Hydraulic Machinery applied to Bridges^ Dock 
Gates, Wheels and Turbines.— Shields. — Various Systems ana Power Installations — 
Meters, &o— Index. 

"The standard work on the application ot water power."— CastUrs Magazine. 



Second Edition, Greatly Enlarged. With Frontispiece, several 
Plates, and over 250 Illustrations. 21s. net. 

THE PRHCIPLES AMD CONSTRUCTION OF 

PUMPING MACHINERY 

(STEAM AND WATER PRESSURE). 

With Practical Illustration« of Engines and Pumps applied to Mikinö, 

Town Watbb Supply, Drainage of Lands, Ac., also Economy 

and Efficiency Trials of Pumping Maohinery. 

By HENRY DAVEY, 

Member of the Institution of Civil Engineers, Member of the Institution of 
Meohanlos.1 Engineers, F.G.S., Ac. 

Contents — Early History of Pumping Engines — Steam Pumping Engines— 
Pumps and Pump Valves — General Principles of Non-Rotative Pumping 
Engines— The Cornish Engine, Simple ana Compound— Types of Mining 
Engines — Pit Work— Shaft Sinking — Hydraulic Transmission of Power in 
Mines — Electric Transmission of Power — Valve Gears of Pumping Engines 
— "Water Pressure Pumping Engines — Water Works Engines — Pumping 
Engine Economy and Trials of Pumping Machinery— Centrifugal and other 
Low-lift Pumps— Hydraulic Bams, Pumping Mains, Ac — Index. 

"By the 'one English Engineer who probably knows more »boat Pumping Machinery 

Chan AMT OTHER.' ... A. VOLUME BBOOKDCTO THS KBS0LT8 OF LONG KXPBXIK90B AH» 

study."— The Engineer. 

"Undoubtedly thb but amd most practical trratisb on Pumping Maohinery that has 
rar bbkn fubllshbd."— Mining Journal. 

LONDON: CHARLES GRIFFIN ft CO.. LIMITED, EXETER 8TREET. 8TRAND 



NAVAL ARCHITECTURE* 37 

At Press. In Large 8vo. Handsome Cloth. Profusely Illustrated. 

Ik Two Volumes, Each Complete in itself, and 

Sold Separately. 

THE OESIGN 

AND 

CONSTRUCTION OF SHIPS. 

By JOHN HARVARD BILES, M.Inst.N.A., 

Professor of Naval Architecture in Glasgow University. 

Contents of Volume I.— Part I. : General Considerations.— Method» of Determin- 
ation of the Volume and Centre of Gravity of a known Solid. — Graphic Rules for 
Integration.— Volumes and Centre of Gravity of Volumes.— Delineation and Descriptive 
Geometry of a Ship's Form.— Description and Instances of Ship's Forms.— Description 
of Types of Ships. Part n. : Calculation of Displacement, Centre of Buoyancy and 
Areas.— Metacentres.— Trim.— Coefficients and Standardising.— Results of Ship Calcula- 
tions. —Instruments Used to Determine Areas, Moments, and Moments of inertia of 
Plane Curves.— Cargo Capacities.— Effects on Draught, Trim, and Initial Stability due 
to Flooding Compartments.— Tonnage.— Freeboard.— Launching. — Application of the 
Integraph to Ship Calculations.— Straining due to Unequal Longitudinal Distribution 
of weight and Buoyancy.— Consideration of Stresses in a Girder.— Application of Stress 
Formula to the Section of a Ship. — Shearing Forces and Bending Moments on a Ship 
amongst Waves.— Stresses on the Structure when Inclined to the Upright or to the 
Line of Advance of the Waves. — Distribution of Pressure on the Keel Blocks of a 
Vessel in Dry Dock.— Consideration of Compression in Ship Structure. 



BY PROFESSOR BILES. 

LECTURES ON THE MARINE STEAM TURBINE. 

With 181 Illustrations. Price 6s. net 
See page 28. 



Royal 8vo, Handsome Cloth. With numerous Illustrations and Tables. 26s. 

THE STABILITY OP SHIPS. 

BY 

SIR EDWARD J. REED, K.C.B., F.R.S., M.P., 

tmarr of thb imperial orders of st. stanzlaus of Russia; Francis Joseph of 

AUSTRIA; MBDJTDIE OF TURKEY; AND RISING SUN OF JAPAN; VICE- 
PRR8IDBNT OF THB INSTITUTION OF NAVAL ARCHITECTS. 

" Sir Bdward Rred's * Stability of Ships ' is invaluable. The Naval Architect 
wOl find brought together and ready to his hand, a mass of information which he would other* 
wise have to seek in an almost endless variety of publications, and some of which he would 
possibly not be able to obtain at all elsewhere."— 3/#o*wA#. 

LONDON: CHARLE8 GRIFFIN <t CO., LIMITED, EXETER 3TREET. STRAND. 



0HARLM8 GRIFFIN 4 OO.'ß PUBLICATIONS. 

WORKS BY THOMAS WALTON, 
NAVAL ARCHITECT. 



Fourth Edition. Illustrated with Plates, Numerous Diagrams, and 
Figures in the Text 

STEEL SHIPS; 

THEIR CONSTRUCTION AND MAINTENANCE. 

A Manual for Shipbuilders, Ship Superintendents, Students, 

and Marine Engineers. 

By THOMAS WALTON, Naval Architect, 

AUTHOR OF "KNOW YOUR OWN SHIP." 

Contents. —I. Manufacture of Cast Iron. Wrought Iron, and Steel— Com- 
position of Iron and Steel, Quality, Strength, Tests, Ac. II. Classification of 
Steel Ships. III. Considerations in malring choice of Type of Vessel. — Framing 
of Ships. IV. Strains experienced by Ships. —Methods of Computing ana 
Comparing Strengths of Ships. V. Construction of Ships.— Alternative Modes 



of Construction. — Types of Vessels. — Turret, Self Trimming, and Trunk 
Steamers, Ac. — Rivets and Rivetting, Workmanship. VL Pumping Arrange- 
ments. VII. Maintenance. — Prevention of Deterioration in the Halls of 



Steamers, Ac. — Rivets and Rivetting, Workmanship. VL Pumping Arrange- 
ments. VII. Maintenance. — Preven" "* 
Ships.— Cement, Paint, Ac— Indhx. 

r * go thorough and weil written is every chapter in the book that it is difficult to select 
any of them as being worthy of exoeptional praise. Altogether, the work is excellent, and 
will prove of great value to those for whom it is intended?*— The Engineer. 



In Handsome Cloth. Very fully Illustrated. 7s. 6d. net. 

PRESENT-DAY SHIPBUILDING. 

For Shipyard Students, Ships 1 Officers, and Engineers. 
By THOS. WALTON. 
General Contents. — Classification. —Materials used in Shipbuilding. — 
Alternative Modes of Construction. — Details of Construction. — Framing, 
Plating, Rivetting, Stem Frames, Twin-Screw Arrangements, Water 
Ballast Arrangements, Loading and Discharging Gear, Ac. — Types of 
Vessels, including Atlantic Liners, Cargo Steamers, Oil carrying Steamers, 
Turret and other Self Trimming Steamers, Ac— Index. 

"8imple language . . . clear and easily followed illustrations," — Timet 
Engineering Supplement. 
"We heartily recommend it to all who have to do with ships."— SUamthip. 



Ninth Edition. Illustrated. Handsome Cloth, Crown 8vo. 7s. 6d. 

The Chapters on Tonnage and Freeboard have been brought thoroughly 
up to date, and embody the latest (1906) Board of Trade Regulations on 
these subjects. 

KNOW YOUR OWN SHIP. 

By THOMAS WALTON, Naval Architect. 

Specially arranged to suit the requirements of Ships' Officers, Shipowners, 

Superintendents, Draughtsmen, Engineers, and Others, 



Contests. — Displacement and Deadweight. — Moments. — Buoyancy. — Strain. — 

,. llty.— r "' _ -_" ■ " " ~ ~ — . - 

lnage.- 
Set of Calculations from Actual Drawings.— Index. 



Structure. — Stability.— Rolling. — Ballasting. —Loading. —Shifting Cargoes.— Effect of 
Admission of Water into Ship.— Trim Tonnage.— Freeboard (Load-line).— Calculations.— 



" The work is of the highest ralue, and all who so down to the sea in ships should make them- 
selves acquainted with it. — Shipping World (on the new edition). 

LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 
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GRIFFIN'S NAUTICAL SERIES. 

Edited by BDW. BLACKMORE, 
If aster Mariner, First Claaa Trinity Honae Certificate, Assoc. Inat. N.A. ; 

AND WRITTEN, MAINLY, by 8AILOB8 for 8AILOR8. 



"THIS ADMIRABLE SERIES."— l^fltfrptoy. ' A VERY USEFUL SERIES."— Nature. 

"Every Ship should hare the whom Series as a Reference Library. Hand» 
80MELT bound, clearly printed and illustrated."— Liverpool Journ. 0/ Commerce. 



The British Mercantile Marine : An Historical Sketoh of its Bise 

and Development. By the Editor, Capt. Blaokmore. 8a. 6d. 

" Captain Blackmore s splendid book . . . contains paragraphs on every point 
of Interest to the Merchant Marine. The 248 pages of this hook are the most valu. 
able to the sea captain that have ever been compiled."— Merchant Service Review. 

Elementary Seamanship. By D. Wilson-Barker, Master Mariner, 
F.R.8.E., F.R.G.3. With numerous Plates, two in Colours, and Frontispiece. 
Fourth Edition, Thoroughly Revised. With additional Illustrations. 6s. 
"This admirable manual, by Capt. Wilson Barker, of the * Worcester,' seems 

tO US PERFECTLY DESIGNED."— A tAwuBUm. 



Know Your Own Ship : A Simple Explanation of the Stability, Con- 
struction, Tonnage, and Freeboard of Ships. By THOS. Walton, Naval Architect. 
Ninth Edition. 7b. 6d. 
"Mr. Walton's book will be found very useful."— Tas Engineer. 



navigation : Theoretical and Practical. By D. Wilson-Barker 

and William Allinqham. Second Edition, Revised. 8s. 6d. 
"Preoibely the Und of work required for the New Certificates of competency. 
Candidates will find it invaluable."— Dundee Advertiser. 



Marine Meteorology: For Officers of the Merchant Navy. By 
William ALLiNOHAMrFlrst Class Honours, Navigation, Science and Art Department. 
With Illustrations and Maps, and facsimile reproduction of log page. 7s. 6d. 
" Quite the best publication on this subject."— Shipping Gazette. 

Latitude and Longitude : How to find them. By W. J. Millar, 

C.B. Second Edition, Revised. 2s. 

M Cannot but prove an acquisition to thoae studying Navigation."— Marine Engineer. 

Practical Mechanics: Applied to the requirement« of the Sailor. 
By Thob. Mackenzie, Master Mariner, F.R.A.S. Third Edition, Revised. 8s. 8d. 
" Well worth the money . . . exceedingly helpful."— Shipping World. 

Trigonometry : For the Young Sailor, &o. By Rich. G. Buck, of the 
Thames Nautical Training College, H.M.S. " Worcester." Third Edition, Revised . 
Price 8s. 8d. 
"This eminently practical and reliable volume."— Schoolmaster. 

Practical Algebra. By Rich. C. Bück. Companion Volume to the 
above, for Sailors and others. Second Edition, Revised. Price 8s. 6d. 
" It is just the book for the young sailor mindful of progress."— Nautical Magazine. 



The Legal Duties of Shipmasters. By Benedict Wm. Ginsburg, 

M.A., LL.D., of the Inner Temple and Northern Circuit ; Barrister-at-Law. 8E00ED 

Edition, Thoroughly Revised and Enlarged. Price 4s. fld. 

" Invaluable to masters. . . . We can fully recommend it '— Shipping Gazette. 

A Medical and Surgical Help for Shipmasters. Including First 

Aid at Sea. By Wm. Johnson Smith, F.R.C.S., Principal Medical Officer, Seamen's 
Hospital, Greenwich. Third Edition, Thoroughly Revised. 6s. 
11 Sound, judicious, really helpful."— The Lancet. 

LONDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 
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4 o CHARLES GRIFFIN 4 CO.'S PUBLICATIONS. 

GRIFFIN'S NAUTICAL SERIES . 

Introductory Volume. Price 3s. 6d. 
T HIE 

British Mercantile Marine. 

By EDWARD BLAOKMORE, 

MASTER MARINER; ASSOCIATE OP THB INSTITUTION OF NAVAL ARCHITECTS; 

MEMBER OP THB INSTITUTION OF ENGINEERS AND SHIPBUILDERS 

IN SCOTLAND ; EDITOR OF GRIFFIN'S "NAUTICAL SERIES." 

General Contests.— Historical : From Early Times to 1486— Progress 
under Henry VIII.— To Death of Mary— During Elizabeth's Reign— Up to 
the Reign of William III— The 18th and 19th Centuries— Institution of 
Examinations — Eise and Progress of Steam Propulsion — Development of 
Free Trade-Shipping Legislation, 1862 to 1876— " Locksley Hall* 0— 
Shipmasters' Societies— Loading of Ships — Shipping Legislation, 1884 to 1 



Statistics of Shipping. The Personnel : Shipowners— Officers— Mariners- 
Duties and Present Position. Education: A Seaman's Education: what it 
should bo— Present Means of Education— Hints. Discipline and Duty— 
Postscript— The Serious Decrease in the Number of British Seamen, a Matter 
demanding the Attention of the Nation. 

"IanaBsrnra and Ibstruotiye . . . may be read with profit and nuonan."- 
€Rm*o<m Herald. 

"Eyeet beahob of the subject Is dealt with in a way which shows that the writer 
4 knows the ropes' familiarly.*'— Sectunan. 

» This admirablb book . . . TBKMs with osefol information— Should be in the 
hands of every Sailor."— Weston Morning New. 



Fourth Edition, Thoroughly Revised. With Additional 
Illustrations. Price 6s. 

ELEMENTARY SEAMANSHIP. 

BT 

D. WILSON-BARKER, Master Marinbb; F.R.S.E., F.R.G.S.,&o.,Jfco. 

YOUNGER BROTHER OF THB TRINITY HOUSE. 

With Frontispiece, Numerous Plates (Two in Colours), and Illustrations 

in the Text. 

General Contents.— The Building of a Ship; Parts of Hull, Masts, 
ftc. — Ropes, Knots. Splicing, &c. — Gear, Lead and Log, &c — Rigging, 
Anchors — Sailmakmg — The Sails, &c. — Handling of Boats under Sail — 
Signals and Signalling — Rule of the Road— Keeping and Relieving Watch — 
Points of Etiquette— Glossary of Sea Terms and Phrases— Index. 

%* The volume contains the new rdlbs or the road. 

** This admtbjbt.b mahual, by Oapt. Wilsoh-Baexer of the * Worcester,' seems to ni 
rasRCTLY designed, and holds lte place excellently in * Groties Nautical Series.' . . . 
Although intended for those who are to become officers of the Merchant Navy, It will be 
found useful by all yachtsmen."— Athmmum, 

V For oomplete List of Grotto'i Nautical Series, see p. 39. 

LONDON : CHARLES GRIFFIN & CO., LIMITED. EXETER 8TREET, STRAND. 
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GRIFFIN'S NAUTICAL SERIES. 

Second Edition, Revised and Illustrated. Price Ss. 6d. 

NAVIGATION: 

PRJLCTICJLI* JLKTD THEORETICAL. 

Bt DAVID WILSON-BARKER, RN.R, F.R.S.E., <feo., «Ya, 

▲HD 

WILLIAM ALLINGHAM, 

VDUI-OLAflB H0H0UB8, NAVIGATION, SGIBH01 AND ABT DlPAETMJmT. 

tmttb flumerouö Jlluöttattons anö Bjamtnatton QueaHon* 

Gmotbal Contents.— Definitions— Latitude and Ix>ngitnde— Instruments 
of Navigation— Correction of Courses— Plane Sailing— Traverse Sailing— Day's 
Work — Parallel Sailing — Middle Latitude Sailing — Mercator»8 Chart— 
Meroator Sailing— Current Sailing— Position by. Bearinga—Great Circle Sailing 
—The Tides— Questions — Appendix : Compass Error— Numerous Useful Hint* 
&o. — Index. 

14 Pxsgubly the kind of work required for the New Certificate« of competency in grades 
from Second Mate to extra Master. . . . Candidates will find it dt y a t j A BT . a "— Dmn d t 
JJfj fffu . 

"A oafral little book . . . specially adapted to the New Examination*. The 
Authors are Oar. Wilsov-Babjeb* (Captam-8uperlntendent of the Nautical College, H.M.& 
1 Worcester,' who has had great experience in the highest problems of Navigation), and 
Ma AunraHAX, a well-known writer on the Science of Navigation and Nautical Astronomy." 
-Shipping World. 



Handsome Oloth. Fully Illustrated. Price 7s. 6d. 

MARINE METEOROLOGY, 

FOR OFFICERS OF THE MERCHANT NAVY. 
By WILLIAM ALLINGHAM, 

Joint Author of "Navigation, Theoretical and Practical." 

With numerous Places, Maps, Diagrams, and Illustrations, and a facsimile 
Reproduction of a Page from an actual Meteorological Log-Book. 

SUMMARY OF CONTENTS. 

INTRODUCTORY.— Instruments used at Sea for Meteorological Purposes.— Meteoro- 
logical tog-Books.— Atmospheric Pressure.— Air Temperatures.— Sea Temperatures.— 
winds.— wind force Scales.— History of the Law of Storms,— Hurricanes, seasons, and 
Storm Tracks.— Solution of the Cyclone Problem.— Ocean Currents.— Icebergs.— Syn- 
chronous Charts.— Dew, Mists, Fogs, and Hase.— Clouds.— Sain, Snow, and HalL— 
Mirage, Rainbows, Coronas, Haios, and Meteors.— Lightning, Corposants, and Auroras.— 
Questions.— Apphnddl— Indsx. 

" Quite the bbs* publication, abd certainly the most intbbsbviso, on this subject erat 
presented to Nautical men."— Shipping Oassfte. 

* # * For Complete List of Grtfith's Nautical Sebibs, see p. 39. 
LONDON: CHARLES' GRIFFIN ft CO.. LIMITED. EXETER 8TREET. 8TRAND 



«» OBABLm GMlMJf 4 OO.'B PUMLIOATIOWB, 

GRIFFIN'S NAUTICAL SERIES. 

Thibd Edition, Rmvtsid. With Numerous Illustrations. Price Se. 6d. 

Practical Mechanics: 

Applied to the Bequirements of the Sailor. 
By THOS. MACKENZIE, 

Master Mariner, P.R.A.B. 
General Contents.— Resolution and Composition of Forces— Work don* 
by Machines and living Agents— The Mechanical Powers: The Lever; 
Derricks as Bent Levers— The Wheel and Axle : Windlass ; Ship's Capstan ; 
Grab Winch— Tackles : the "Old Man"— The Inclined Plane; the Screw— 
The Centre of Gravity of a Ship and Cargo — Relative Strength of Rope : 
Steel Wire. Manilla, Hemp, Coir— Derricks and Shears— Calculation of the 
Cross-breaking Strain of Fir Spar— Centre of Effort of Sails— Hydrostatics : 
the Diving-bell ; Stability of Floating Bodies ; the Ship's Pump. Ac. 

" This excellent book . . . contains a large amount of information." 
—Nature. 

" Well worth the money . . . will be found exceedingly helpful."— 
Shipping World. 

<r No Ships' Officers' bookcase will henceforth be complete without 
Captain Mackenzie's ' Practical Mechanics.' Notwithstanding my many 
▼ears' experience at sea, it has told me how much more there is to acquire."— 
(Letter to the Publishers from a Master Mariner). 

" I must express my thanks to you for the labour and care you have take» 
in 'Practical Mechanics.' . . . It is a life's experience. . . . 
What an amount we frequently see wasted by rigging purchases without r e aso n 
and accidents to spars, &o., Ac. ! * Practical Mechanics' would save all 
this." — (Letter to the Author from another Master Mariner). 



WORKS BT RICHARD C. BUCK, 

of (he Thun«. NmUimI Tnininf Collage, H.M.8. ' WoroMttr.' 

A Manual of Trigonometry: 

With Diagrams, Examples, and Exeroises. Prloe 8s. 6d. 

Third Edition, Revised and Corrected. 
# # * Mr. Buck's Text-Book has been specially prepared with a view 
to the New Examinations of the Board of Trade, in which Trigonometry 
is an obligatory subject. 

"This ncnmrrLT practical and bsuablb volumb."— Schoolmaster, 

A Manual of Algebra. 

Designed to meet the Requirements of 8ailors and others. 
Second Edition, Revised. Price 3s. 6d. 

%* These elementary works on algkbra and trioonombtry are written specially for 
those who will have little opportunity of consulting a Teacher. They are books for "sslf- 
hxlf." All but the simplest explanations have, therefore, been avoided, and ahbwbbs ts 
the Exercises are given. Any person may readily, by careful study, become master of their 
eontents, and thus lay the foundation for a further mathematical coarse, if desired. It is 
hoped that to the younger Officers of our Mercantile Marine they will be found decidedly 
■erricaable. The Examples and Exercises are taken from the Examination Papers set for 
the Oadets of the "Worcester." 

" Clearly arranged, and well got up. . . .A first-rate Elementary Algebra," -~ 
Nautical Magazine. 
\* For oomnlete List of Qbhtoi's Nadticai. Bkmbs. see p. 89. 

LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 
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GRIFFIN'S NAUTICAL SERIES. 

Second Edition, Thoroughly Revised and Extended. In Crown 8vo. 
Handsome Cloth. Price 4s. 6d. 

THE LEGAL DUTIES OF SHIPMASTERS. 

BT 

BENEDICT WM. GINSBURG, M.A., LL.D. (Oantab.), 

Of the Inner Temple and Northern Circuit; Barrlster-at-Law. 

General Contents.— The Qualification for the Position of Shipmaster— The Con- 
tract with the Shipowner— The Master's Duty In respect of the Crew : Engagement 
Apprentices; Discipline ; Provisions, Accommodation, and Medical Comforts ; Payment 
of Wages and Discharge— The Master's Duty in respect of the Passengers— The Master's 
Financial Responsibilities— The Master's Duty in respect of the C ~ . . 



Cargo— The Master's 
lie Auth< 



Duty in Case of Casualty— The Master's Duty to certain Public Authorities— The 
Master's Duty in relation to Pilots, Signals, Flan, and Light Dues— The Master's Duty 
upon Arrival at the Port of Discharge— Appendices relative to certain Legal Matters : 
Board of Trade Certificates, Dietary Scales, Stowage of Grain Cargoes, Load Line Regula- 
tion«, Life-saving Appliances, Carriage of Cattle at Sea, Ac., Ac— Copious Index. 

" No Intelligent Master should fall to add this to his list of necessary books. A few lines 
of It may savb a lawyer's res, besides endless wommt."— Liverpool Journal of Comment. 

"Sensible, plainly written. In glsab and non-tbchsioal lahöuaqb, and will be found of 
ETUOH SEEViOE by the Shipmaster."— British Trade Review. 



Second Edition, Revised. With Diagrams. Price 2s. 

Latitude and Longitude: 



»w to Find tin 

By W. J. MILLAR, C.E., 

Late Secretary to the InsL of Engineer» and Shipbuilders in Scotland. 

" Concisely and clkably wbitten . . . cannot bat prove an acquisition 
to those studying Navigation." — Marine Engineer, 

" Young Seamen will find it handy and useful, simple and olkajl"— The 
Engineer. 

FIRST AID AT SEA. 

Third Edition, Revised. With Coloured Plates and Numerous Illustra- 
tions, and comprising the latest Regulations Respecting the Carriage 
of Medical Stores on Board Ship. Price 6s. 

A MEDICAL AND SURGICAL HELP 

FOR SHIPMASTERS AND OFFICERS 
IN THE MERCHANT NAVY. 

By WM, JOHNSON SMITH, F.R.O.S., 

Principal Medical Officer, Seamen's Hospital, Greenwich. 

%* The attention of all Interested in our Merchant Navy is requested to this exceedingly 
«serai and valuable work. It is needless to say that it is the outcome of many years 
practical xxpxRiKNCB amongst Seamen. 

"Sous», judicious, bballt HBLPFÜL."— The Lancet. 

%* For Complete List of Gbepfin's Nautical Shbibs, see p. 39. 
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CUtHTDTS NAUTICAL SERIES. 

Ninth Edition. Revised, with Chapters on Trim, Buoyancy, and Calcula- 
tions. Numerous Illustrations. Handsome Cloth, Crown 8vo. Price 7s, 6d. 

KNOW YOUR OWN SHIP. 

By THOMAS WALTON, Naval Architect. 

Specialty arranged to suit the requirements of 8 hips' Officers, Shipowners, 
Superintendents, Draughtsmen, Engineers, and Others. 



This work explains, in a Blmple manner, inch importants objects as:— Displacement.— 
eadweight —Tonnage.— Freeboard. — Moments. — Buoyancy. - Strain.— Structure.— Stab- 
ility.— Boiling.— Ballasting.— Loading. — Shifting Cargoes. — Admission of Water.— Sail 



Area.— Ac. 

" The little book will be found ixcbbdihglt hawdt by most officers and officials connected 
with shipping. . . . Mr. Walton's work will obtain lasting success, because of its unique 
fitness for those for whom it has been written."— Shipping World. 



BY THE SAME AUTHOR. 

Steel Ships: Their Construction and Maintenance. 

(See page 38.) 

Sixteenth Edition, Thoroughly Revised. Large 8vo, Cloth. 

pp. i-xxiv + 712. With 250 Illustrations, reduced from 

Working Drawings, and 8 Plates. 21*. net. 

A MANUAL OF 

MARINE ENGINEERING: 

COMPRISING THE DESIGNING, CONSTRUCTION, AND 
WORKING OF MARINE MACHINERT. 

By A.B. SEATON, M.I.C.E., M.LMeeh.B., M.I.N.A. 

General Contents. — Pakt I.— Principles of Marine Propulsion. 
Part II. — Principles of Steam Engineering. Part III. — Details of 
Marine Engines : Design and Calculations for Cylinders, Pistons, Valves, 
Expansion Valves, &c. Part IV.— Propellers. Part V. — Boilers. 
Part VI. — Miscellaneous. 

"The Student, Draughtsman, and Engineer will find this work the most valuable 
Handbook of Reference on the Marine Engine now in existence."— Marim Engineer. 



Ninth Edition, Thoroughly Revised. Pocket-Size, Leather. 8s. 6d. 
A POCKET-BOOK OF 

MARINE ENGINEERING RULES AND TABLES, 

FOR THE U8B OF 

Marine Engineers, Naval Architects, Designers, Draughtsmen, 
Superintendents and Others. 

By A. E. SEATON, M.I. O.E., M.I.Mech.R, M.I.N.A., 

AND 

H. M. ROUNTHWAITE, M.I.Mech.E., M.I.N.A 

" The best book of Its kind, and the information is both up-to-date and reliable."— 
Engineer. 
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WORKS BT PROF. ROBERT H. SMITH, Assoc.M.I.C.E., 

M.LMeoh.1., M.I.ELI., M.LMinJL, Whit Soh., M.Ord.MeiJL 



Second Edition, Revised. In drawn 8*0, extra, with Diagrams 
and Folding-Plate. 8s. 6U 

THE CALCULUS FOR ENGINEERS 
AND PHYSICISTS, 

Applied to Technical Problems. 

WITH EXTENSIVE 

CLASSIFIED REFERENCE LIST OF INTEGRALS. 
By PROP. ROBERT H. SMITH. 

" PtOf . B. H. Smith's book will be serviceable in rendering a hard road ab bast as pbactic» 
aim for the non-mathematical Student and Engineer. "—Athenäum. 

" Interesting diagrams, with practical illustrations of actual occurrence, are to be found hen 
tn abundance. Thi tset oohplbtb olassi run aanaincs tabu will prove very useful In 
»Ttng the time of those who want an integral in a hurry. "—Ta« Bnginutr. 



In 4to, Boards. 7a. 6d. 

MEASUREMENT CONVERSIONS 

(English and French) : 

43 GRAPHIC TABLES OR DIAGRAMS, ON 28 PLATES. 

Showing at a glance the Mutual Conversion of Measurements 
in Different Units 

Of Lengths, Areas, Volume«, Weights, Stresses, Densities, Quantities 

of Work, Horse Powers, Temperatures, Ac 

For the use of Engineers. Surveyors, Architects, and Contractors. 

* * Prof. Smith's Conversion-Tables form the most unique and 00m 

prehensive oollection ever plaoed before the profession. By their use muoh 

time and labour will bo saved, and the chanoes of error in calculation 

diminished. It is believed that henceforth no Engineer's Office will be 

considered complete without them. 



Third Edition. Pocket Size, Leather Limp, with Gilt Edges and Rounded Corners, 
printed on Special Thin Paper, with Illustrations, pp. i-xli + 834. Price 18s. net. 

(THE NEW "NYSTROM") 
THE MECHANICAL ENGINEER'S REFERENCE BOOK 

A Handbook of Tables, Formula and Methods for Engineers, 
Students and Draughtsmen. 

By HENRY HARRISON SUPLEE, B.Sc, M.E. 

" We feel sure It will be of great service to mechanical engineers."— Engineering. 
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Second Edition. In Large 8vo. Handsome Cloth. 16s. 

CHEMISTRY FOR ENGINEERS. 

BERTRAM BLOUNT, and A. G. BLOXAM, 

F.LC, F.O.8., A.LO.K. F.LC. F.0.8. 

QBirSBAL CONTENTS.— Introduction— Chemistry of the Chief Material! 
of Oonstrnotlon— Sources of Energy— Chemistry of Steam-raiting— Chemis- 
try of Lubrication and Lubricants— Metallurgical Processes need In the 
Winning and Manufacture of Metals. 

"The Mithöre bay« suooeeded beyond all expectation, and have produced a wotk whleb 
■nonld grve vbssh fowxe to the £n*meer and Manufacturer."— Tht Tiam. 



By the same Authors, " Chemistry for Manufacturers," see p. 71* 



THE ELEMENTS OF CHEMICAL ENGINEERING. By 

J. Grossmann, M.A., Ph.D., F.I.C. With a Preface by Sir 
William Ramsay, K.C.B., F.R.S. In Handsome Cloth. With 
nearly 50 Illustrations. 3s. 6d. net [See page 70. 



In Demy Quarto. With Diagrams and Worked Problems. 
2s. 6d. net 

PROPORTIONAL SET SQUARES 

APPLIED TO GEOMETRICAL PROBLEMS. 

By Lieut. -Col. THOMAS ENGLISH, Late Royal Engineers. 



WORKS BY WALTER R. BROWNE , M.A., M.lNST.C.E. 

THE STUDENT'S MECHANICS: 

An Introduction to the Study of Force and Motion. 

With Diagrams. Crown 8vo. Cloth, 4s. 6d. 

" Clear in style and practical in method, 'Thb Student's Mechanics' is cordially to be 
recommended from all points of view."— AtJunmtm. 



FOUNDATIONS OF MECHANICS. 

Papers reprinted from the Enginttr, In Crown 8vo, is. 



Demy 8vo, with Numerous Illustrations, 9s. 

FUEL AND WATER: 

A Manual for Users of Steam and Water. 

By Prop. FRANZ SCHWACKHÖFER op Vienna, and 
WALTER R. BROWNE, M.A., C.E. 
General Contents.— Heat and Combustion— Fuel, Varieties of— Firing Arrangements: 
Furnace, Fines, Chimney — The Boiler, Choice of— Varieties— Feed-water Heaters- 
Steam Pipes— Water : Composition, Purification— Prevention of Scale, &c, &c 
" The Section on Heat is one of the best and most lucid ever written."— Rn&mur. 

UWOON: CHARLE8 QRIFFIN ft CO., LIMITED, EXETER STREET, 8TRAHQ. 
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CRIFFIN'8 LOCAL GOVERNMENT HANDBOOKS. 

WORKS SUITABLE FOE MUNICIPAL AND COUNTY ENGINEERS, 

ANALYSTS, AND OTHERS. 

See also Davles' Hygiene, p. 09, and MacLeod's Calculations, p. 110 General Catalogue. 

Gas Manufacture (The Chemistry of)- A Handbook on the Pro- 

auction, Purification, and Testing of Illuminating Gas, and the Assay of Bye-Pro- 
ducts. By W. J. A. Buttrrfield, M.A., F.I.C., F.C.S. With Illustrations. Fourth 
Edition, Revised. Yol. I., 7s. 6d. net. Vol. II., in preparation. [Seepage 77. 

Water Supply : A Practical Treatise on the Selection of Sources and the 
Distribution of Water. By Reginald E. Middlrton, M.Inst.C.E., M.Inst.Mech.E., 
F.8.I With Numerous Plates and Diagrams. Crown 8vo. 8s. 6d. net. [See page 77. 

Central Electrical Stations : Their Design, Organisation, and Manage- 
ment. ByC H.WORDINOHAM, A. E.C,H. I.C E. Second Edition. 24s.net. [See p. 48. 

Electricity Control. By Leonard Andrews, A.M.Inßt.C.E., M.I.E.E. 
12s. 6d. net. [See page 48. 

Electricity Meters. By Henry G. Solomon, A.M. Inst. E.E. 16s. 
net. [See page 40. 

Trades' Waste : Its Treatment and Utilisation, with Special Reference 
to the Prevention of Rivers' Pollution. By W. Naylor, F.C.8., A.M.Inst.C.E 
With Numerous Plates, Diagrams, and Illustrations. 21a. net. [See page 76 

Calcareous Cements: Their Nature, Preparation, and Uses. With 
some Remarks upon Cement Testing. By Gilbebi Redgrave, Assoc, Inst. C.B., 
and Chas. Spaceman, F.C.8. Second Edition. With Illustrations, Analytical 
Data, and Appendices on Costs, Ac. 16a. net. iSee page 76. 

Road Making and Maintenance : A Practical Treatise for Engineers, 
Surveyors, and others. With an Historical Sketch of Ancient and Modern Practice. 
By Thomas Attxen, Assoc.M.Inst.C.B., Ac. Second Edition, Revised and En- 
larged. 21a. net. (See page 70. 

Light Railways at Home and Abroad. By William Henry Cole, 
M.InstX.E., late Deputy Manager, North-Western Railway, India, Large 8vo, 
Handsome Cloth, Plates and Illustrations. 16a. [See page 80. 

Practical Sanitation : A Handbook for Sanitary Inspectors and others 
interested in Sanitation. By Geo. Rbid, M.D., D.P.H., Medical Officer, Staffordshire 
County Council. With Appendix (re- written) on Sanitary Law, by Herbert Manley, 
M.A., M.B., D.P.H., Barrister-at-Law. Thirteenth EDITION, Thoroughly Revised. 
6s. [See page 78. 

Sanitary Engineering: A Practical Manual of Town Drainage and 
Sewage and Refuse Disposal. By Francis Wood, A.M.Inst.C.E., F.G.S. Second 
Edition, Revised. Fully Illustrated. 8s.6d.net. [See page 78. 

Dairy Chemistry: A Practical Handbook for Dairy Managers, Chemists, 
and Analysts. By H. Droop Richmond, F.I.C., Chemist to the Aylesbury Dairy 
Company. Second Edition, Revised. With Tables, Illustrations, Ac. Handsome 
Cloth. [See page 73. 

Dairy Analysis : The Laboratory Book of. By H. Droop Richmond, 
F.I.C. Fully Illustrated, Cloth. 2s. Öd. net. [See page 78. 

Milk: Its Production and Uses. With Chapters on Dairy Farming, 
The Diseases of Cattle, and on the Hygiene and Control of Supplies. By Edward F. 
Willoughbt, M.D. (Lond.), D.P.H. (Lond. and Camb.), 6s. net [See page 78. 

Flesh Foods : With Methods for their Chemical, Microscopical,' and 
Bacteriological Examination. A Handbook for Medical Men, Inspectors, Analysts, 
and others. By C. Ainsworth Mitchell, B.A., F.LC, Mem. Council Soc. of Public 
Analysts. With numerous Illustrations and a coloured Plate. 10s. 6d. [See page 74. 

Foods: Their Composition and Analysis. By A. Wynter Blyth, 
M.R.C.8., F.C.8., Public Analyst for the County of Devon, and M. W .Blyth, 
B.A., B.Sc. With Tables, Folding Plate, and Frontispiece. Foth Edition, 
Thoroughly Revised. 21s. [See page 72. 
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ELECTRICAL ENGINEERING. 

Second Edition, Revised, In Large &vo. Handsome Cloth. Profusely 
Illustrated with Plates > Diagrams, and Figures. 24s. net. 

CENTRAL ELECTRICAL STATIONS: 

Their Design, Organisation, and Management. 

ByCHAS. H. WÖRßlNGHAfl, A.K.C., M.Inst.C.E., M.iNST.MicHLET, 

Late Memb. of Council InstE.E., and Electrical Engineer to the City of Manchester ; 

Electrical Engineer-in-Chief to the Admiralty. 

ABRIDGED CONTENTS. 

Introductory. — Central Station Work as a Profession. — Aa an Investment. — The Estab- 
lishment of a Central Station —Systems of Supply.— Site.— Architecture.— Plant.— Boilers — 
Systems of Draught and Waste Heat Economy. — Coal Handling, Weighing, and Storing. - 
Tne Transmission of Steam. — Generators. — Condensing Appliances. — Switching Gear, 
Instruments, and Connections.— Distributing Mains.— Insulation, Resistance, and Cost- 
Distributing Networks. — Service Mains and Feeders. — Testing; Mains. — Meters and 
Appliances.— Standardising and Testing Laboratory.— Secondary Batteries.— Street Light- 
ing. — Cost — General Organisation. — Mains Department. — Installation Department — 
Standardising Department— Drawing Office. —Clerical Department— The Consumer.— 
Routine and Main Laying.— Indbx. 

"One of the most valuable contributions to Central Station literature we have had 
for some time."— Electricity. 



In Large 8vo. Handsome Cloth. Profusely Illustrated. 12s. 6d. net 

ELECTRICITY CONTROL. 

A Treatise on Eleetric Switehgear and Systems of Electric Transmission. 
By LEONARD ANDREWS, 

Associate Member of the Institution of Civil Engineers, Member of the Institution of 
Electrical Engineers, &c 

General Principles of Switehgear Design.— Constructional Details— Circuit Breakers or 
Arc Interrupting Devices.— Automatically Operated Circuit- Breakers. —Alternating Reverse 
Current Devices. — Arrangement of 'Bus Bars, and Apparatus for Parallel Running. — 
General Arrangement of Controlling Apparatus for High Tension Systems. — General 
Arrangement of Controlling Apparatus for Low Tension Systems. — Examples of Complete 
Installations.— Long Distance Transmission Schemes. 

"Not often docs the specialist have presented to him so satisfactory a book as this. . . . 
We recommend it without hesitation to Central Station Engineers, and, in fact, to anyone 
interested in the subject."— Power. 



Large 8vo, Cloth, with 334 Pages and 307 Illustrations. 16s. net. 

ELECTRICITY METERS. 

By HENRY G. SOLOMON, A.M.Inst.E.E. 

Contents. — Introductory. — General Principles of Continuous - Current 
Meters. — Continuous-Current Quantity Meters.— Continuous-Energy Motor 
Meters. — Different Types. — Special Purposes, i.e., Battery Meters, Switchboard 
Meters, Tramcar Meters. — General Principles of Single- and Polyphase Induc- 
tion Meters.— Single -phase Induction Meters. — Polyphase Mieters. — Tariff 
Systems.— Prepayment Meters. — Tariff and Hour Meters.— Some Mechanical 
Features in Meter Design. — Testing Meters.— Index. 

44 An earnest and successful attempt to deal comprehensively with modem methods of 
measuring ourrent or power in electrical installations."— Engineering. 

LONDON: CHARLE8 GRIFFIN ft CO., LIMITED, EXETER STREET, 8TRAND, 
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In Large Crown 8vo. Handsome Cloth. Fully Illustrated. 

TELEGRAPHIC SYSTEMS, 

AND OTHER NOTES. 

A Handbook of the Principles on which Telegraphic Practice is Based. 

By ARTHUR CROTCH, 

Of the Engineer-in-Chief a Department, G.P.O. 

Contents.— Batteries, Primary and Secondary- — Morse Systems: Duplex, Diplex. 
Quadruples, Multiplex.— Type-Printing Systems : Hughes, Baudot, Murray.— Test and 
Battery Boxes. — Concentrators. — Intercommunication Systems. — Central Battery 
Arrangements. — Repeaters, Hughes, Fast Speed, Duplex and Single, Forked: Quad- 
ruples, Forked Quadruple!, Split Quadruple!, and Side Belayed. — Submarine Tele- 
Saphy.— Wireless Telegraphy.— Testing: Wheatetone Bridge, Tangent Galvanometer, 
orning Test, Ac— Protective Devices, Ac. 



In Large 8vo. Profusely Illustrated. 8s. 6d. net. 

WIRELESS TELEGRAPHY. 

By GUSTAVE EICHHORN, Ph.D. 

Contents.— Oscillations. — Closed and Open Oscillation Systems. — Coupled 
Systems. — The Coupling Compensating the Aerial Wire.— The Receiver.— 
Comparative Measurement in the Sender.— Theoretical Results and Calculations 
in respect of Sender and Receiver. — Close- and Loose-Coupled Sender and 
Receiver.— Formulas. —The Ondameter.— Modern Apparatus and Methods of 
Working— Conclusion.— Bibliography. — Index. 

"Well written . . . and combines with a good deal of description a careful 
investigation of the fundamental theoretical phenomena."— if ature. 



Eighteenth Edition. Leather, Pocket Size, with 764 pages. 8s. 6d. 

A POCKET-BOOK OF 

ELECTRICAL RULES & TABLES 

FOR THE USE OP ELECTRICIANS AND ENGINEERS. 
By JOHN MUNRO, C.E., & Prof. JAMIESON, M.Inst.C.E., F.R.S.B. 
" Wonderfully Pkrfbct. . . . Worthy of the highest commendation we can 
give h."— Electrician. 



»BIFFIN'S ELECTRICAL PRICE-BOOK: For Electrical, Civil, 
Marine, and Borough Engineers, Local Authorities, Architects, Railway 
Contractors, &c. Edited by H.J. Dowsing. Second Edition. 8s.6cL 



ELECTRIC SMELTING AND REFINING. By Dr. W. Borchers 
and W. G. McMillan. [See page 67. 

ELECTRO - METALLURGY, A Treatise on. By Walter G. 
McMillan, F.I.C., F.C.S. [See page 67. 

ELECTRICAL PRACTICE IN COLLIERIES. By D. Burns, M.E., 
M. Inst. M. E. [See page 56. 
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By PROFESSORS J. H, POYNTING & J. J. THOMSON. 
In Five Volumes. Large 8vo. Sold Separately. 

A TEXT-BOOK OF PHYSICS. 

J. H. POYNTING, J. J. THOMSON, 

BCD., J.R.S., XND M.A., *-ft*8., 

uete Fellow of Trinity College, Cambridge; Fellow of Trinity College, Cambridge; Prof 

Professor of Physios, Birmingham of Experimental Physios in the University 

University, of Cambridge. 



Introductory Volume. Foukth Edition, Revised. Fully Illustrated, 

10s. 6d. 

PROPERTIES OF MATTER. 

Oowrwrrs. — Gravitation. — The Acceleration of Gravity. — Elasticity.— Stresses and 
Strains.— Torsion.— Bending of Rods.— Spiral Springs— Collision.— Compressibility of 
Liquids.— Pressures and Volumes of Gases.— Thermal Effects Accompanying Strain.— 
Capillarity.— Surface Tension.— Laplace's Theory of OapilJarity.— Diffusion of Liquids — 
Diffusion of Gases.- Viscosity of Liquids.— Ikdix. 

" Students of physics cannot fall to derive benefit from the book."— Knowledge 

" We regard this book as quite indispensable not merely to teachers but to physicists of every 

ade above the lowest."— University Correspondent. 



Volume II. Fourth Edition. Fully Illustrated. Prioe 8b. 6d 

SOUND. 

OovTBirxs.— The Nature of Sound atid its ohief Characteristics,— The Velocity of Sound 
in Air and other Media.— Reflection and Refraction of Sound.— Frequency and Pitch of 
Notes.— Resonance and Forced Oscillations.— Analysis of Vibrations.— The Transverse 
Vibrations of Stretched Strings or Wires. —Pipes and other Air Cavities.— Rods.— Plates. 
—Membranes.— Vibrations maintained by Heat— Sensitive Flames and Jets.— Musical 
Sand.— The Superposition of Waves.— Index. 

"The work . . . may be recommended to anyone desirous of possessing an bast 
ut-to-datb Stakdakd Thahs* on Aoousttos."— Literature, 

" Very clearly written. . . . The names of the authors are a guarantee of the 
sanurnno aoouiaot and up-to date ohakaoteb of the wot*."— Educational Timet. 



Volume III. Second Edition, Revised. Fully Illustrated. Prioe 16s. 

HEAT. 

Contents. — Temperature. — Expansion of Solids. — Liquids. — Gases. — Circulation 
and Convection.— Quantity of Heat; Specific Heat— Conductivity.— Forms of Energy; 
Conservation ; Mechanical Equivalent of Heat.— The Kinetic Theory.— Change of State; 
Liquid Vapour.— Critical Points. — Solids and Liquids. — Atmospheric Conditions.— 
Radiation.— Theory of Exchanges.— Radiation and Temperature.— Thermodynamics.— 
Isothermal and Adlabatic Changes.— Thermodynamics of Changes of State, and Solu- 
tions.— Thermodynamics of Radiation.— Index. 

" Well up-to-date, and extremely clear and exact throughout. ... As clear as 
it would be possible to make such a text-book "—Nature. 

Remaining Volumes in Preparation — 
LIGHT; MAGNETISM AND BLBCTBICITY. 



THE MEAN DENSITY OF THE EARTH : An Essay to which the 
Adams Prize was adjudged in 1893 in the university of Cambridge. By J. H. 
Poyntino, Bc.D., F.R.S.. Late Fellow of Trinity College. Cambridge; Professor of 
Physics, Birmingham University. In Large 8vo, with Bibliography, Illustrations In 
the Text, and Seven Lithographed Plates. 12s. 6d. 
"Cannot fail to be of great and general ikterest."— Athenceum. 
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Griffin's Geological, Prospecting, Mining, and 
Metallurgical Publications. 



Geology, Stratigraphieal, 
„ Practical Aids, . 
„ Open Air Studies, . 

Mining Geology, . 

Prospecting for Minerals, 

Food Supply, . 
Ore and Stone Mining, . 

Elements of Mining, . 

Coal Mining, . 

Practical Coal Mining,. 

Elementary „ 

Elect. Colliery Practice, 
Mine-Surveying, 
Mine Air, Investigation of, 
Mining Law, 
Blasting and Explosives, 
Testing Explosives, . 
Shaft Sinking, . 
Mine Accounts, . 
Mining Eng. Report Book, 
Petroleum, .... 

A Handbook on Petroleum, 

Oil Fuel, .... 

Mineral Oil Testing, . 
Metallurgical Analysis, . 
Microscopic Analysis, 
Metallurgy (General), 
„ (Elementary), 

Getting Gold, . 

Cyanide Process, . 

Cvaniding, 

Electric Smelting, . 

Electro-Metallurgy, 

Assaying, 

Metallurgical Analysis, 
Metallurgy (Introduction to), 

Gold, Metallurgy of, . 

Lead and Silver, „ 
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General Foundry Practice, 
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Precious Stones, 
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Prof. Grenville Oolb, 
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GENERAL CONTENTS. 
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690 Illustrations. Price 24s. net. 
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Winding.— Pumping.— Ventilation. — Lighting. — Works at Surface. —Pre- 
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Foubth Edition, Thoroughly Revised and Greatly Enlarged. Re-set 
throughout. Large Crown 8vo. Handsome Cloth. 12s. 6d 

PRACTICAL COAL-MINING: 
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With Worbed-out Problems on Haulage, Pumping, Ventilation, Ac. 
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Contents.— The Sources and Nature of Coal.— The Search for CoaL— 
Sinking.— Explosives.— Mechanical Wedges. — Rock Drills and Coal-cutting 
Machines. — Coal-cutting by Machinery.— Transmission of Power. — Modes of 
Working. — Timbering Roadways.— Winding Coal. — Haulage. — Pumping. — 
Ventilation.— Safety Lamps.— Surface Arrangements, Surveying, Levelling, 
Ac. 

"An bssbhyiaut PRACTICAL woaK, and can be confidently recommended. No department 
of Goal-Mining has been overlooked."— Bagtmant Qamettt. 



In Crown 8vo. Handsome Cloth. With 200 Illustrations. 3s. 6d. 

ELEMENTARY COAL-MINING: 

FOR THE USE OF STUDENTS, MINERS, AND OTHERS 
PREPARING FOR EXAMINATIONS. 

By GEORGE L. KERR, M.E., M.Inst.M.E. 

Contents.— Sources and Nature of Coal.— Exploration and Boring for 
CoaL — Breaking Ground. — Explosives. Blasting, «c. — Sinking and Fitting 
of Shafts. — Modes of Working. — Timbering Roadways.— Winding ana 
Drawing.— Haulage.— Pumping and Drainage.— Ventilation. — Cleaning and 
Sorting Coal.— Surveying, Ac. 

" An abundance of information conveyed in a popular and attractive form. . . . Will be 
of great ose to all who are in any way interested in coal mining."— SootHth Otitic. 
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Thirteenth Edition, Revised. With Numerous Diagrams. 
Cloth, 7s. 6d. 

A TREATISE ON MINE-SURVEYING: 

For the use of Managen of Mines and Collieries, Students 
at the Royal Sohool of Mines, do. 

By BENNETT H. B ROUGH, ASSOC.R.S.M., F.G.S., 

Formerly Instructor of Mine-Surveying, Royal School of Mines. 

Contents. — General Explanations. — Measurement of Distances. — Miners 
Dial.— Variation of the Magnetic Needle.— Surveying with the Magnetic Needle 
in the Presence of Iron. — Surveying with the Fixed Needle.— The German Dial. — 
The Theodolite. — Traversing Underground.— Surface Surveys with the Theodo- 
lite—Plotting the Survey. — Calculation of Areas.— Levelling.— Connection of the 
Underground and Surface Surveys. — Measuring Distances by Telescope.— Setting- 
out.— Mine-Surveying Problems. — Mine Plans. — Application of the Magnetic 
Needle in Mining. —Photographic Surveys.— Appendices. — Index. 

" Its CLEARNESS of STYLE, LUCIDITY of DESCRIPTION, and FULNESS of DETAIL have long ago tPOB 
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MINING GEOLOGY. 
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By PROF. JAMES PARK, F.G.S., M.Inst.M.M„ 
Professor of Miniug and Director of the Otago University School of Mines ; late Director 
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Genetically Considered— Ore« and Minerals Considered Economically.— Mine Sampling 
and Ore Valuation.— The Examination and Valuation of Mines.— Index. 

" A work which should find a place in the library of every mining engineer. w — 
Mining World. 



Second Edition. In Oroum Svo. Handsome Gloth. WUK 30 New 
Illustrations. 7s. 6d net. 

ELECTRICAL PRACTICE IM COLLIERIES. 

By D. BURNS, M.E., M.Inst.M.E., 

Certificated Colliery Manager, and Lecturer on Mining and Geology to the Glasgow and West of 
Scotland Technical College. 

Units of Measurement, Conductors, &c.— The Theory of the Dynamo.— The 
Dynamo, Details of Construction and Working.— Motors. — Lighting Installa- 
tions in Collieries. — Pumping by Electricity. — Electrical Haulage. — Coal 
-Cutting. — Miscellaneous Applications of Electricity in Mines. — Coal Mines 
Regulation Act (Electricity). — Index. 

"A clear and concise Introduction to electrical practice In collieries."— Mining 
Journal 
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In Crown 8vo, Handsome Cloth. 8s. 6d. net. 

MINING LAW OF THE BRITISH EMPIRE. 

By CHARLES J. ALFORD, F.G.S., M.Inst.M.M. 

Contents.— The Principles of Mining Law.— The Mining Law of Great 
Britain.— British India.— Ceylon.— Burma.— The Malay Peninsula.— British 
North Borneo.— Egypt.— Cyprus. —The Dominion of Canada. — British 
Guiana.— The Gold Coast Colony and Ashanti.— Cape of Good Hope.— 
Natal. — Orange River Colony. — Transvaal Colony. — Rhodesia. — The 
Commonwealth of Australia.— New Zealand, &c— Index. * 

" Should be specially useful to all those engaged in the direction of mining enter 
pr\BQB."—FinancuU Timet. 

" Cannot fall to be useful ... we cordially recommend the book."— Mining World 



In Large Svo. Fourth Edition. Price 10«. tta. 

Mine Accounts and Mining Book-Keeping. 
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With Exam pi es taken from Actual Practice of Leading Companies. 

By JAMES GUNSON LAWN, A.ILS.M., AM.Inat.CE., F.G.S., 

Head of the Mining Department, Camborne School of Mines. 

Edited by Sib C. LE NEVE FOSTER, D.So., F.R.S. 

Contents.— Introduction.— Part I. Engagement and Payment of Work- 
men. — Engagement of Workmen and Period between Pay Days. — Data 
determining Gross Amount due to Men.— Deductions. —Pay Sheets, Due Bills. 
—Pay Tickets. Part II. Purchases and Sales.— Purchase and Distribution 
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—General Considerations and Companies Books. Part V. Reports and 
Statistics.— Reports of Workings and Machinery of Mining Companies.— 
Mining Statistics.— Bibliography.— Index. 
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more taluablb, careful, and exhaustive. "— Accountants' Magazine. 



Second Edition. In Pocket Size, Strongly Bound in Leather, 3a. 6<L 
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THE MINING ENGINEERS' REPORT BOOK 

AND DIRECTOR? AND SHAREHOLDERS' GUIDE TO MINING REPORTS. 

By EDWIN R. FIELD, M.Inst.M.M. 

With Notes on the Valuation of Property, and Tabulating Reports, 
Useful Tables, and Examples of Calculations, &c. 

" An admirably compiled book which Mining Engineers and Managen will And 

■ZTKIXELY vskwüIj." —Mining Journal. 
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SHAFT-SINKING 

IN DIFFICULT CASES. 

By J. RIEMER, 

Translated from the German 

|J. W. BROUGH, A.M.IN8T.C.E. 

Contents.— Shaft Sinking by Hand.— Shaft Sinking by Boring.— The 
Freezing Method. — The Sinking Drum Process.— Bibliography,— Index. 

"The translator deserves the thanks of the mining community for placing this 
valuable work before them. . . . The work is one which every mining engineer 
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BLASTING: 

AND THE USE OF EXPLOSIVES. 

By OSOAR GUTTMANN, M.Inst.O.E., F.I.C., F.C.S. 

Contents. — Historical Sketch. — Blasting Materials. — Qualities and 
Handling of Explosives. — The Choice of Blasting Materials. — Preparation 
of Blasts. — Chamber Mines. — Charging of Boreholes. — Determination of 
Charge. — Blasting in Boreholes.— Firing. — Results of Working. — Various 
Blasting Operations. — Index. 
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NEW METHODS OF 

TESTING EXPLOSIVES. 

By 0. fe. BICHEL. 

Translated from the German and Edited 

By AXEL LARSEN, M.Inst.0.E. 

Contents. — Introductory. — Historical. — Testing Stations. — Power 
Gauges. — Products of Combustion. — Rate of Detonation. — Length and 
Duration of Flame.— After-Flame Ratio.— Transmission of Explosion.— 
Conclusions. — Efficiency. 

"Its pages bristle with suggestions and actual experimental results to an extent 
seldom found in a volume of five times its size ."—Arms and Explosives. 
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CYANIDING GOLD & SILVER ORES. 

A Practical Treatise on the Cyanide Process ; its Application, 

Methods of Working, Design and Construction of 

Plant, and Costs. 

By H. FORBES JULIAN, 
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Deutsche Gold und Silber Scheide Anstalt, Frankfort-on-Maine. 

And EDGAR SMART, A.M.I.O.E., 
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In Large Oroum &vo. With 13 Plates and many Illustrations in the Text. 
Handsome Cloth, 7*. M. net. 

THE CYANIDE PROCESS OF GOLD EXTRACTION. 
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By JAMES PARK, F.G.S., M.Inst.M.M., 

Professor of Mining and Director of the Otago University School of Mines ; late Director 
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GETTING GOLD: 

A GOLD-MINING HANDBOOK FOR PRACTICAL HEN. 

By J. 0. F. JOHNSON, P.G.S., A.I.M.E., 

Life Member Australasian Mine-Managers' Association. 
General Contents.— Introdnctory : Prospecting (Alluvial and General)— 
Lode or Beef Prospecting— Genesiology of Gold— Auriferous Lodes— Drifts- 
Gold Extraction— Lixiviation— Calcination— Motor Power and its Transmission 
— Company Formation — Mining Appliances and Methods — Australasian 
Mining Regulations. 

♦• Practical from beginning to end . . . deals thoroughly with the Prospecting, 
Staking, Crushing, and Extraction of gold."— Ant. Australasian. 

In Crown 8vo. Illustrated. Fancy Cloth Boards. 4s. öd. 

COLD SEEKING IN SOUTH AFRICA: 

A Handbook of Hints for intending Explorers, Prospectors. 

and Settlers. 

By THEO KASSNER, 

Mine Manager, Author of the Geological Sketch Map of the De Kaap Gold Fields. 

With a Chapter on the Agricultural Prospects of 8outh Africa. 
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METALLURGICAL ANALYSIS « ASSAYING : 

A THRBE YEARS' COURSE 

FOR STUDENTS OF SCHOOLS OF MINES. 

By W. A. MACLEOD, B.A., B.So., A.O.S.M. (N.Z.), 

Formerly Antst-Direetor, Thames School of Mines (H.Z.K and Lecturer In Chemistry* UnlTeralty 
•f TmduuiU ; Director of Queensland Government School of Mine«, Charters Towers ; ■; 

And CHAS. WALKER, F.C.S., 

_ Qonstrator in Chemistry, Sydney Untren ' ' 
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Pakt I.— Qualitative Analysis and Preparation and Properties of Gases. 
Pabt EL— Qualitative and Quantitative Analysis. Part III. — Assaying, 
Technical Analysis (Gas, Water, Fuels, Oils, &c). 

"The publication of this volume tends to prove that the teaching of metallurgical 
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In Crown 8vo, Beautifully Illustrated with nearly 100 
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MICROSCOPIC ANALYSIS OF METALS. 

By FLORIS OSMOND & J. E. STEAD, F.R.S., F.I.C. 

Contents.— Metallography considered as a method of Assay. — Micro- 
graphio Analysis of Carbon Steels. — Preparation of Specimens. — Polishing. 
—Constituents of Steel; Ferrite; Cementite; Pearlite; Sorbite; Martensite: 
Hardenite ; Troostite ; Austenite.— Identification of Constituents.— Detailed 
Examination of Carbon Steels.— Conclusions, Theoretical and Practical.— 
Apparatus employed.— Appendix. 

" There has been no work previously published in English calculated to be so useful to 
the student in metallographlc research. —Iron and Steel Trades' Journal. 



Third Edition. With Folding Plates and Many Illustrations. 36a. 
ELEMENTS Of 

METALLUROYs 

A PRACTICAL TREATISE ON THE ART OF EXTRACTING METAL8 

FROM THEIR 0RE8. 

By J. ARTHUR PHILLIPS, M.Inst.0.E., F.C.S., F.G.S., <fccu 

And H. BAUERMAN, V.P.G.S. 

General Contents. — Refractory Materials. — Fire-Clays. — Fuels, Ac.— 
Aluminium. — Copper. —Tin. — Antimony. — Arsenic. — Zinc. — Mercury. — 
Bismuth. —Lead. — Iron. — Cobalt. — Nickel — Silver. — Gold. — Platinum. 

" Of the Thikd Edition, we are still able to say that, as a Text-book of 
Metallurgy, it is the best with which we are acquainted.' 1 — Engineer. 

u A work which is equally valuable to the Student as a Text-book, and to the 
practical Smelter as a Standard Work of Reference, . . . The Illustrations 
are admirable examples of Wood Engraving. " — Chemical Newt. 
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IN WO VOLUMBB. 

A TREA TISE ON 

IPDHTIR/OILilETTIM:. 

By SIR BOVERTON REDWOOD, 

D.Sa, F.B.8.E., Assoc.Inst.O.B., F.I.O. 

Cohtbotsl— Section I.: Historical Account of the Petroleum Industry.— Section II. : 
Geological and Geographical Distribution of Petroleum and Natural Gas.— Section III.: 
The Chemical and Physical Properties of Petroleum and Natural Gas.-- Section IV.: 
The Origin of Petroleum and Natural Gas.— Section V.: The Production of Petroleum, 
Natural Gas. and Ozokerite.— Section VL: The Beflnlng of Petroleum.— Section VII. : 
The Shale Oil and Allied Industries.— Section VUL: the Transport, Storage, and Dis- 
tribution of Petroleum.— Section IX. : The Testing of Crude Petroleum, Petroleum and 
Shale Oil Products, Ozokerite, and Asphalt.— Section X. : The Uses of Petroleum and 
its Products.— Section XI. : Statutory. Municipal, and other .Regulations relating to 
the Testing, Storage, Transport, and use of Petroleum and its Products.— Appendices. 
—Bibliography.— Index. 

"It is Indisputably the most comprehensive and complete treatise on petroleum, and this 
statement is true, no matter on what branch of the industry a test of its merits is made. It is 
the only book in **i»**w+ which gives the oil man a clear and reliable outline of the growth and 
present-day condition of the entire petroleum world. . . . There is a wonderfully complete 
collection of plates and illustrations. -Petroleum World. 



Second Edition, Revised. With Illustrations. Price Ss. Qd. net. 

A HANDBOOK ON PETROLEUM. 

FOR INSPECTORS UNDER THE PETROLEUM ACTS, 

And for those engaged in the Storage, Transport, Distribution, and Industrial 

Use of Petroleum and its Products, and of Calcium Carbide. With 

suggestions on the Construction and Use of Mineral Oil Lamps. 

By CAPTAIN J. H. THOMSON, 

H.M. Chief Inspector of Explosives, 

And SIR BOVERTON REDWOOD, 
Author of " A Treatise on Petroleum." 
*' A volume that will enrich the world's petroleum literature, and render a service to the 
British branch of the industry. . . . Reliable, indispensable, a brilliant contribution. "- 
Petroleum. 

In Crown 8vo. Fully Illustrated. 2s. 6d. net. 

THE LABORATORY BOOK OF MINERAL OIL TESTING. 

By J. A. HICKS, 

Chemist to Sir Boverton Redwood. 

Should be on the shelves of every analytical chemist in practice."— Chemical Trade Journal. 

In Large Crown 8vo, Cloth. Fully Illustrated 5s. net. 

OIL FUEL: 

ITS SUPPLY, COMPOSITION, AND APPLICATION. 
By SIDNEY H. NORTH, 

LATE BDITOB OF THB "PETROLEUM REVIEW." 

CONTENTS.— The Sources of Supply.— Economic Aspect of Liquid Fuel.— Chemical 
Composition of Fuel Oils.— Conditions of Combustion in Oil Fuel Furnaces.— Early 
Methods and Experiments.— Modern Burners and Methods.— Oil Fuel for Marine Fur* 
poses.— For Naval Purposes.— On Locomotives.- For Metallurgical and other Purposes. 
—Appendices. —Index. 

* 7 Everyone Interested in this important question will welcome Mr. North's excellent 
text-book."— Mature. 

THE PETROLEUM LAMP: Its Choice and Use. A Guide 
to the Safe Employment of the Paraffin Lamp. By Capt. J. H. 
Thomson and Sir Boverton Redwood. Illustrated. Is. net. 
M A work which will meet every purpose for which it has been written."— Petroleum. 
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Sixth Edition, thoroughly Revised and considerably Enlarged. Large 

8vo, with numerous Illustrations and Micro-Photographic 

Plates of different varieties of Steel. 

An Introduction to the Study of 

METALLXTBO-Y. 

BY 

Sir W. ROBERTS-AUSTEN, K.C.B., D.C.L., F.R.S., A.R.S.M., 

Late Chemist and Assayer of toe Royal Mint, and Professor of Metallurgy 
in the Royal College of Science. 

Gknkkal Contents.— The Relation of Metallurgy to Chemistry.— Physical Properties 
of Metals.— Alloys. The Thermal Treatment of Metals.— Fuel and Thermal Measurements. 
—Materials and Products of Metallurgical Processes.— Furnaces.— Means of Supplying Air 
to Furnaces.— Thermo- Chemistry. —Typical Metallurgical Processes.— The Micro-Structure 
of Metals and Alloys.— Economic Considerations. 

" No English text-book at all approaches this in the completeness with 
which the most modern views on the subject are dealt with. Professor Austen's 
volume will be invaluable, not only to the student, but also to those whose 
knowledge of the art is far advanced." — Chemical News. 
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With Frontispiece and numerous Illustrations. 21s. 

THE METALLURGY OF GOLD. 



T. KIRKE ROSE, D.ScLond., Assoc.R.S.M. 

Chemist and Aaaayer qf the Royal MinL 

GnrntAL Contents.— The Properties of Gold and it« Alloys.— Chemistry of the 
Compounds of Gold.— Mode of Occurrence and Distribution of Gold.— Shallow Placer 
Deposits.— Deep Placer Deposits.— Quartz Crushing In the Stamp Battery.— Amalgam- 
ation In the Stamp Battery.— Other Forms of Crushing and Amalgamating Machinery. 
—Concentration in Gold Mills.— Dry Crushing.— Re-grinding.— Roasting.— Chlorination: 
The Plattner Process, The Barrel Process, The Vat-Solution Process.— The Cyanide 
Process.— Chemistry of the Cyanide Process.— Refining and Parting of Gold Bullion. 
—Assay of Gold Ores.— Assay of Gold Bullion.— Statistics of Gold Production.— Biblio- 
graphy.— Index. 

" A ooMPsaHMTSiy» fbaotioal tbbatxss on this important subjeet"— Th* Tinut. 

"The most 00HFLBTB description of the chlorihahoä fboobsb which has yet been pub- 
Mshed."- Jrt»*»f Journal. 

u Adapted for all who are interested in the Gold Mining Industry, being free from tech- 
ntoallttos as far as possible, but Is more particularly of value to those engaged in the 
mdustry."-C^««m«. 
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THE METALLURGY OF LEAD AND SILVER. 
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Part !•— L E AD: 

A Complete and Exhaustive Treatise on the Manufacture of Lead, 
with Sections on Smelting and Deailverioation, and Chapters on the 
Assay and Analysis of the Materials involved. Price 16s. 

Summary of Contents.— Sampling and Assaying Lead and Silver.— Properties and 
Compounds of Lead.— Lead Ores.— Lead Smelting.— Bererberatories.— Lead 8meltlng in 
Hearthi.— The Boasting of Lead Ores.— Blast Furnace Smelting; Principles, Practice,, 
and Examples; Products.— Flue Dust, its Composition Collection and Treatment.— 
Costs and Losses, Purchase of Ores.— Treatment of Zinc, Lead Sulphides, Desilvertsatyon, 
Softening and Henning.— The Pattinson Process.— The Parket Process.— Cupeil ation and 
Refining, Ac., Ac 

"A thoroughly BOUND and useful digest. Hay with every oonfidinoi be- 
reoommended."— Mining Journal. 
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Comprising Details regarding the Sources and Treatment of Silver 
Ores, together with Descriptions of Plant, Machinery, and Processes of 
Manufacture, Refining of Bullion, Cost of Working, etc. Price 16s. 

SUMMARY of Contents.— Properties of Silver and its Principal Compounds.— Silver 
Orea.— The Patio Process.— The Kazo, Jfondon, Krthnkc, and Tina Processes.— The Pan 
Process.— Boast Amalgamation.— Treatment of Tailings and Concentration.— Retorting, 
Melting, and Assaying — Chlorldising-Roasting.— The Angustin, Clandet, and Ziervogel 
Processes.— The Hypo-Sulphite Leaching Process.— Refining.— Matte Smelting.— Pyrltlc 
Smelting.— Matte Smelting in Reyerberatories.— Silver-Copper Smelting and Refining.— 
IRDHX. 

" The author has focussed a laroh amount of valuable information into a 
convenient form. . . . The author has evidently considerable practical experience, 
and describes the various processes clearly and well. '—Mining Journal. 
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With Additional Chapter on The Eteotrio Smelting of Steel. 

THE METALLURGY OF STEEL 

By F. W. HAßBORD, AssoaRS.M., F.I.C., 

Consulting Metallurgist and Analytical Chemist to the Indian Government, 
Royal Indian Engineering College, Coopers Hill. 

With 37 Plates, 280 Illustrations in the Text, and nearly 100 Micro- 
Sections of Steel, and a Section on 

THB MECHANICAL TREATMENT OF STEEL. 

By J. W. HALL, A.M.Inst.C.E. 

Amidoed Contents.— The Plant, Machinery, Methods and Chemistry of the Bessemer 
and of tue Open Hearth Processes (Add and Basic).— The Mechanioal Treatment of Steel 
comprising Mill Practice, Plant and Machinery.— The Influence of Metalloids, Heat 
Treatment, Special Steels, Miorostrnotnre, Testing, and Specifications. 

*' A work which we venture to commend as an invaluable compendiom of information upon 
the metallurgy or steel."— Iron and Coal Trade*' Review. 

The Engineer says, at the conclusion of a review of this hook :— " We cannot conclude without 
earnestly recommending all who may be interested as makers or users of steel; which practically 
means the whole of the engineering profession, to make themselves acquainted with it as speedily 



as possible, and this may be the more easily done as the published price, considering the siie 
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» book, is extremely moderate.** 



Third Edition, Thoroughly Revised. With over 100 Additional Pages, 
and many Plates. 16s. net. 

THE METALLURGY OF IRON. 

By THOMAS TURNER, Assoc.R.S.M., F.I.C., 

Professor of Metallurgy in the university of Birmingham. 

In Labor 8vo, Handsome Cloth, With Numerous Illustration» 

(many from Photographs). 

General Content».— Early History of Iron.— Modern History of Iron.— The Age of Steel. 
— Ohlef Iron Ores.— Preparation of Iron Ores.— The Blast Furnace.— The Air used in the 
Blast Furnace. — Reactions of the Blast Furnace. —The Gaseous Products of the Blast 
Furnace— The Fuel used in the Blast Furnace.— Slags and Fuzes of Iron Smelting.— 
Properties of Oast Iron. — Foundry Practice. — Wrought Iron. —Indirect Production of 
Wrought Iron.— The Puddling Process.— Further Treatment of Wrought Iron.— Corrosion 
of Iron and 8teel. 

" A most valuable summary of knowledge relating to every method and stage 
in the manufacture of oast and wrought iron . . . rich in chemical details. . . , 
Exhaustive and thoroughly up-to-date."— Bulletin of the American Iron 
and Steel Association. 

" This is a delightful book, giving, as it does, reliable information on a subject 
becoming every day more elaborate. "—Colliery Guardian. 

11 A thoroughly useful book, which brings the subject up to date. Of 
great talus to those engaged in the iron industry. n —Minmg Journal. 



* # * For Professor Turner's Lectures on Iron-Founding, see page 68. 
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Tenth Edition. With Tables and Illustrations. Crown 8vo. 
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A TEXT-BOOK OF ASSAYING: 

For the use of Students, Mine Managers, Assauers, do. 
By J. J. BERINGER, F.I.C., F.C.S., 

Public Analyst for, and Lecturer to the Mining Association of, Cornwall. 

And C. BERINGER, F.C.S., 

Late Chief Assayer to the Rio Tinto Copper Company, London, 

GmfBEAL Contents. — Past I. — Imtxopuctoky ; Manipulation : Sampling;; 
Drying ; Calculation of Results— Laboratory-books and Reports. Methods : Dry Gravi- 
metrie; Wet Gravimetric— Volumetric Assays: Titrometnc, Colorbnetric, Gasometrio— 
Weighing and Measuring Reagents— Formulae, Equations, &c — Specific Gravity. 

Pakt IL— Mbtajls : Detection and Assay of Silver, Gold, Platinum, Mercury. Copper, 
Lead, ThalHtun, Bismuth, Antimony, Iron, Nickel, Cobalt, Zinc, Cadmium, Tin, Tungsten, 
Titanium, Manganese, C" rrmt *" m i etc — Earths, Alkalies. 

Pakt III.— Non-Mktals : Oxygen and Oxides ; The Halogens— Sulphur and Sul- 
phates— Arsenic, Phosphorus, Nitrogen— Silicon, Carbon, Boron— Useful Tables. 

"A KKAiXY icxKiTOKious work, that may be safely depended upon either for systematic 
_ action or for relerence»"— JVbis»*. 

"This work is one of the bkst of its kind."— Rngbutr. 



Fourth Edition, Revised. Handsome Cloth. With Numerous 
Illustrations. 6s. 

A TEXT- BOOK OF 

ELEMENTARY METALLURGY. 

Including the Author's Practical Laboratory Course. 

By A. HUMBOLDT SEXTON, F.I.C., F.O.S., 
Professor of Metallurgy in the Glasgow sad West ot Scotland Technical College. 

GENERAL CONTENTS.— Introduction.— rroptrties ot the Metals.— Combustion. 
—Foala,-— Refractory Materials.— Punuwsss.— ■Oajurrenceof the Metals in Nature.— 
Preparation of the Ore for the Smelter.— Metallurgical Processes.— Iron.— SteeL— 
Copper.— Lead.— Zinc and Tin.— Silver.— Gold.— Mercury.— Alloys.— Applications 

Of ELBOTBICXTT to Metallurgy.— LABORATORY Coubse. 

"Just the kind of work for Students commkhoiro the study of Metal. 
, or for Ehootsbbivo Students. w — Practical Engineer. 

ly got-up and wbll-arravqkd."— Chemical Trade Journal 



In Large 8vo. Handsome Cloth. Price 4s. 

qoäntita™ a metällümcäl analysis. 

FOR LABORATORY USE. 

ON THE PRINCIPLE OF "GROUP" SEPARATIONS. 

By J. JAMES MORGAN, P.O.S., M.S.0.1. 

11 The Author may be oohgkatulatxd on the way his work has been carried omV'- 
ThtSnainm'. 

" will oomkbnd itself highly In Laboratory Practice. Its olkakkkss and raaosno 
mark the book out aa a highly useful one."— Mining Journal. 
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Third Edition, Revised, Enlarged, and Reissued. Price 6a. net. 
A SHORT MANUAL OF 

INORGANIC CHEMISTRY. 

By A. DUPRE, Ph.D. f F.R.S., 
And WILSON HAKE, Ph.D., F.I.O., F.C.S., 

Of the Westminster Hospital Medical School 
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Manuals for Students."— Attaint. 



In Handsome Cloth. With nearly 50 Illustrations. 3s. 6d. net. 

THE ELEMEHTS OF CHEMICAL EHCIHEERIHC. 

Br J. GROSSMANN, M.A., Ph.D., F.I.C. 

WITH A PREFACE BT 

Sib WILLIAM RAMSAY, K.C.B., P.R.S. 
CONTnTS.— The Beaker and Its Technical Equivalents.— Dia til ling Flasks, Lieblg's 
Condensers.— Fractionating Tubes and their Technical Equivalent«.— The Air-Bath and 
Its Technical Equivalents.— The Blowpipe and Crucible and their Technical Equivalents. 
—The 8team Boiler and other Sources of Power.— General Remarks on the Application 
of Heat in Chemical Engineering.— The Funnel and its Technical Equivalent«.— The 
Mortar and its Technical Equivalents.— Measuring Instruments and their Technical 
Equivalents.— Materials used in Chemical Engineering and their Mode of Application.— 
Technical Research and the Designing of Flaut.— Conclusion.— Chemicals and Materials. 

— IKDBX. 

"Excellent. . . . Every student of chemistry attending a technical course should 
obtain a copy. —Chemical A tun. 
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ProftMor of Mataltargy In Um Qlugow tod Wert of Sootlud Taohniod Ooltefe. 

OUTLINES OF QUANTITATIVE ANALYSIS. 

FOR THB USB OF STUDENTS. 

With Ulustrations. Fifth Edition. Crown 8vo, Cloth, St. 

" A oompaot laboratory euiDK for beginners was wanted, and the want has 
been whll suffuxd. . . . A good and useful book. »—Lancet. 



OUTLINES OF QUALITATIVE ANALYSIS. 

FOR THB USB OF STUDBNTS. 

With Illustrations. Fourth Edition, Revised. Crown 8vo, Cloth, St. 6d. 

'* The work of a thoroughly practical chemist"— British Medical Journal. 
" Compiled with great care, and will supply a want, 1 '— Journal of Education. 

ELEMENTARY METALLURGY: 

Including the Author's Practical Laboratory Coarse. 

[See p. 66. 
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"The authors hare sooobbdid beyond all expectations, and have prodaoed a work wMofc 
should give rmttH powsr to the Engineer and Manufacturer."— The Time», 

In Two Vola., Large 8vo. With DiuatratioiiB. Sold Separately. 

CHEMISTRY FOR ENGINEERS 
AND MANUFACTURERS. 

A PRACTICAL TEXT-BOOK. 

BY 

BERTRAM BLOUNT, F.I.C., & A. G. BLOXAM, F.I.O. 

VOIiUMB I. Pvloe lOau 6d« 

CHEMISTRY OF ENGINEERING, BUILDING, AND 
METALLURGY. 

General Contents.— INTRODUCTION— Chemistry of the Chief Material» 
of Construction— Sources of Energy —Chemistry of Steam-raliing— Chemla. 
try of Lubrication and Lubricants— Metallurgical Prooeases used In the 
Winning and Manufacture of Metals. 

VOLUME XX. Pvfto« 16«. 

8kcond Edition, Thoroughly Revised. Illustrated. 16s. 

THE CHEMISTRY OF MANUFACTURING 

PROCESSES. 

General Content».— 8ulphuric Add Manufacture— Alkall, fco. —Destructive 
Distillation -Artificial Manure— Petroleum— Lime and Cement— Clay and 
Qlass — Sugar and Starch — Brewing and Distilling —Oils, Basins, and 
Varnishes— Soap and Candles — Textiles and Bleaching — Colouring 
Matters, Dyeing, and Printing — Paper and Pasteboard — Pigments and 
Paints — Leather, Olue, and Size — Explosives and Matches — Minor 
Manufactures. 

44 Certainly a oood and usbful book, constituting a pbaotioal quids for students by 
affording a clear conception of the numerous processes as a whole."— Chtmicml Trait 
Journal 



Second Edition. In Large 8va Handsome Cloth. With 800 pages 
and 154 Illustrations. 25s. net. 

OILS, FATS, BUTTERS, AND WAXES : 

THEIR PREPARATION AND PROPERTIES, AND MANUFACTURE THERE- 
FROM OF CANDLES, SOAPS, AND OTHER PRODUCTS. 

By C R. ALDER WRIGHT, D.Sc, F.R.S., 

Late Lecturer on Chemistry, St- Mary's Hospital Medical School ; Examiner 
in " Soap " to the City and Guilds of London Institute. 

Thoroughly Revised, Enlarged, and in Part Rewritten 

By C. AINSWORTH MITCHELL, B.A., F.I.C., F.C.S. 

"Will be aund absolutely indispensable." — Th* Analyst. 
"Will rank as the Standakd English Authority on Oils and Fats for many 
years to come"— Industries and Iron. 

LONDON: CHARLES GRIFFIN ft CO,, LIMITED, EXETER STREET, STRAW. 
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J2 QHARLB8 GRIFFIN * 00.'8 PUBLIC AT ION 8. 

Fdth Edition, Thoroughly Revised, Greatly Enlarged and Re-written. 
With additional Tables, Plates, and Illustrations. 21s. 

POODS: 

THEIR COMPOSITION AND ANALYSIS. 

By A. WYNTER BLYTH, M.R.C.S., P.I.O., F.O.S., 

Barrister-at-Law, Poblio Analyst for the County of Devon, and 
Medical Officer of Health for 8t Marylebone. 

And M. WYNTER BLYTH, B.A., B.Sc., F.C.S. 

General Contents. — History of Adulteration. — Legislation. —Ap- 
paratus. — " Ash." — Sugar. —Confectionery. — Honey. — Treacle. — Jams 
and Preserved Fruits.— Starches. — Whea ten-Flour.— Bread. —Oats.— 
Barley.— Rye. — Rice. —Maize. —Millet. — Potatoes. —Peas. —Lentils.— 
Beans. — Milk.— Cream. — Butter. — Oleo-Margarine. — Cheese. — Lard. - 
Tea. — Coffee. — Cocoa and Chocolate. — Alcohol. — Brandy. — Rum. — 
Whisky. — Gin. — Arrack. — Liqueurs. — Absinthe. — Y east. — Beer. — Wins. 
— Vinegar. — Lemon and lime Juioe. — Mustard.— Pepper.— Sweet and 

Bitter Almonds.- Annatto.— Olive Oil.— Water Analysis.— Appendix : 

Adulteration Acts, &c. 

" Simply uroisPBHaABLi- in the Analyst's laboratory."— The Lancet. 
" A new edition of Mr. Wynter Blyth's Standard work, rtoohbd with all ras bsobstt 
»isooYBsnu Aim ncpsovxMsms, will be accepted aa a boon."— Chemical New*. 



Fotjbth Edition, Thoroughly Revised. In Large 8vo, Cloth, with 
Tables and Illustrations. 21s. net. 

POISONS: 

THEIR EFFECTS AND DETECTION. 

By A. WYNTER BLYTH, M.R.C.S., F.I.O., P.O.S., 

Barrister-at-Law, Public Analyst for the County of Devon, and 
Medical Officer of Health for St Marylebone. 

GENERAL CONTENTS. 

I. — Historical Introduction. II. — Classification — Statistics — Connection 
between Toxic Action and Chemical Composition — Life Tests— General 
Method of Procedure— The Spectroscope — Examination of Blood and Blood 
Stains. III. — Poisonous Gases. IV. — Acids and Alkalies. V. — Mora 
•or less Volatile Poisonous Substances. VI. — Alkaloids and Poisonous 
Vegetable Principles. VII. — Poisons derived from Living or Dead Animal 
Substances. VIII. — The Oxalio Aoid Group. IX. —Inorganic Poisons. 
Appendix: Treatment, by Antidotes or otherwise, of Cases of Poisoning. 

"Undoubtedly r» most complbti work on Toxicology in our language. "—The Anal** (em 
4he Third Edition). 

M As a practical «vidi, we know HO bstthr work."— 1'he Lancet (on the Third EdiHenJ. 
V In the Third Ediyioh, Enlarged and partly Re-written, Nbw Ahalttioal Ms* hods have 
•been introduced, and the Oadatsric Alkaloids, or Ptomainrs, bodies playing so great a part la 
Food-poisoning and In the Manifestations of Disease, have received special attention. 

10ND0N : CHARLE8 GRIFFIN ft CO.. LIMITED. EXETER STREET, 8TRARD. 
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Second Edition. With Numerous Tables, Fully Illustrated. 

DAIRY CHEMISTRY 

FOB DAIRY MANAGERS, CHEMISTS, AND ANALYSTS 

A Practical Handbook for Dairy Chemists and others 

having Control of Dairies. 

By H. DROOP RICHMOND, F.I.C., 

CHBMIST TO THE AYLESBURY DAIRY COMPANY. 

Contents.— I. Introductory.— The Constituents of Milk. II. The Analysis ot 
Milk. III. Normal Milk : its Adulterations and Alterations, and their Detection. 
IV The Chemical Control of the Dairy. V, Biological and Sanitary Matters. 
VI. Butter. VII. Other Milk Products. VIII. The Milk of Mammals other 
than the Cow. — Appendices.— Tables, — Index. 

" . . . In our opinion the book is the best contribution on the subject that 
has yet appeared in the English language."— Lancet (on the First Edition). 



Fully Illustrated. With Photographs of Various Breeds of Cattle, fco. 

6s. net. 

MILK: ITS PRODUCTION & USES. 

With Chapters on Dairy Farming, The Diseases of Cattle, and on the 
Hygiene and Control of Supplies, 

By EDWARD F. WILLOUGHBY, 

M.D. (Lond.), D.P.H. (Lond. and Camb.). 

" We cordially recommend it to everyone who has anything at all to do with milk."— 
Dairy World. 

In Crown 8vo, Fully Illustrated. 2s. 6d. net 
THE LABOBATOBY BOOK OF 

DAIRY ANALYSIS. 

By H. DROOP RICHMOND, F.LC, 

Analyst to the Aylesbury Dairy Co., Ltd. 

" Without doubt the best contribution to the literature of its subject that has ever been 
written."— Medical Times. _ 

At Press. In Crown 8vo. Handsome Cloth. Illustrated. 

SOIL BACTERIA. 

By JAMES CLARK, M.A., D.Sc., A.R.O.S., 

Principal of the Central Technical Schools for Cornwall. 

Contents. — The Micro-organisms of the Soil, their Appearance, Growth, Repro- 
duction, Activity and Conditions of Existence.— Soil Bacteria and their Relations to 
Organic Matter.— Decomposition and Putrefaction.— Formation and Nature of Humus ; 
Decomposition of Farm-yard Manure.— Effects of Tillage Operations and of Various 
Manures on the Decomposition of the Organic Matters in the Soil.— Fixation of Free 
Nitrogen by Bacteria Living in Symbiosis with Higher Plants,— Nitragin.— Fixation 
of Free Nitrogen by the Soil.— Alinlt.— Nitrification.— Denitriflcation. — Conditions 
and Treatment Favourable for the Increase of Soil Nitrogen and for the Process 
of Nitrification.— Soil Bacteria which are of Minor Importance. 

LONDON: CHARLES SRIFFIN A CO., LIMITED, EXETER STREET, 8TRAND. 
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Crown 8vo, Handsome Cloth. Fully Illustrated. las. 6d. 

FLESH FOODS: 

With Methods for their Chemical, Microscopical, and Bacterio- 
logical Examination. 
A Praotioaf Handbook for Medical Men, Analysts, Inspectors and others. 
By C. AINSWORTH MITCHELL, B.A., F.I.C, F.C.S., 

Member of Council, Society of Public Analyst». 
With Numerous Tables, Illustrations, and a Coloured Plate. 

" A compilation which «111 be most useful for the clan for whom it is intended."— AtMnurm*. 
M A book which NO ONB whose duties involve considerations of food supply CAN AFFORD TO B» 
WITHOUT."— Municipal Journal. 



In Large 8vo. Handsome Cloth. 

AGRICULTURAL CHEMISTRY AND ANALYSIS : 

A PRACTICAL HANDBOOK FOR THE U8E OF AGRICULTURAL 81UDENT8. 
By J. M. H. MUNRO, D.Sa, F.I.O., F.C.S., 

Professor of Chemistry, Downton College of Agriculture. 

[In Preparation, 

In Large 8to. Handsome Cloth. With numerous Illustration!. 
Each Volume Complete in Itself, and Sold Separately. 

TECHNICAL MYCOLOGY: 

The Utilisation of Micro-organisms in the Arts and Manufacture*. 
By Dr. FRANZ LAFAR, 

Prof, of Fermentation-Physiology and Bacteriology in the Technical High School, Vienna. 

With an Introduction by Dr. EMIL CHR. HANSEN, Principal of the Carlsberg 
Laboratory, Copenhagen. 

TramslatbD BT CHARLES T. C. SALTER. 

VoL L-SCHIZOMYCBTIC FERMENTATION. 15s. 

VoL IL, Part I.-EUMYCETIC FERMENTATION. 7s. 6<L 

"The first work of the kind whioh can lay claim to completeness in the treatment of 
a fascinating subject. The plan 1b admirable, the classification simple, the style 1» good, 
and the tendency of the whole volume is to convey sure information to the reader."—» 



Crown 8vo, Handsome Cloth. With Diagrams. 7s. 6d. net. 
[Companion Volume to "FERMENTS," by the same Author.] 

TOXINES AND ANTITOXINES. 

By OARL OPPENHEIM ER, Ph.D., M.D., 

Of the Physiological Institute at Erlangen. 

Translated from the German bt 

C. AINSWORTH MITCHELL, B.A., F.I.C, F.C.S. 

With Notes, and Additions by the Author, since the publication of the German Edition. 
"For wealth of detail, we have no small work on Toxines which equals the one 
ander review "—Medical Times. 

LONDON : CHARLE8 GRIFFIN « CO., LIMITED. EXETER 8TREET, STRAND 
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In Crown 8vo, Handsome Cloth. Price 7s. 6d. net. 

F E R M E N TS 

AND THEIR ACTIONS. 

A Text-book on the Chemistry and Physics of Fermentative Changes. 

By CARL OPPENHEIMEE, Ph.D., M.D., 

Of the Physiological Institute at Erlangen. 
Translated from the German bt 
C. AIN8W0RTH MITCHELL, B.A., F.LC, F.C.S. 
ABBIDOBD Gontbnts.— Introduction.— Definition.— Chemical Nature of Ferments.— 
Influence of External Factors.— Mode of Action.— Physiological Action.— Secretion.— 
Importance of Ferments to Vital Action.— Proteolytic Ferments.— Trypsin.— Bacteriolytic 
and Ifomolytic Ferments.— Vegetable Ferments.— Coagulating Ferments.— Saccharifying 
Ferments. — Diastases. — Polysaccharides. — Enzymes. — Ferments which decompose 
Glucosides.— Hydrolytic Ferments.— Lactic Add Fermentation.— Alcoholic Fermenta- 
tion.— Biology of Alcoholic Fermentation.— Oxydases.— Oxidising Fermentation.— Bibli- 
ography. —Index. 

44 Snob a veritable muitum in parvo has never yet appeared."— Brewers' Journal. 



Third Edition. In Handsome Cloth. Fully Illustrated. 21b. net 

PRINCIPLES AND PRACTICE OF BREWING. 

FOR THE USE OF STUDENTS AND PRACTICAL MEN. 

By WALTER J. SYKES. 

Revised by ARTHUR R. LING, P.I.C., F.C.S., 

Editor of the Journal of the Institute of Brewing. 



CONTENTS. — Physical Principles Involved. — The Chemistry of Brewing. — The 
Microscope. — Vegetable Biology. — Fermentation. — Water. — Barley and Malting.— 
Arrangement of Brewery Plant.— Quantities of Materials.— Fen .-.*.—*.- 

—Finings.— Characteristics of Beer.— Diseases of Beer.— Index. 
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In Crown 8vo. Handsome Cloth. Fully Illustrated. 6s. net. 

PEAT: Its Use [and Manufacture. 

Bt PHILIP R. BJÖRLING, Consulting Hydraulic Engineer, 
And FREDERICK T. GISSING. 
GsjisaAL Cootbhts.— Introduction.— The Formation of Peat-Area and Depth of Bogs In 



Peal— Machinery employed in the Manufacture of Peat Fuel.— Peat Mon Litter, and the Machinery 
employed in it« Manufacture.-Peat Charcoal and it« Manufacture -Cost of making Peat Foal and 
Charcoal.— Other Productions derived from Peat, such as Tar, Manure, Candles, Dyes, Paper, «Ye. 



— BiBuoaaaFHY.— Ihdix. 

" A vast amount of valuable information . . . excellent illustrations. "—Timet Engine eri n g 
Supplement. 

•'The treatment throughout is clear and interesting . . . excellent plates,"— Engineering. 7 



In Crown 8vo. Handsome Cloth. With 80 Illustrations, fis. net. 

THE CLAYWORKER'S HANDBOOK. 

An Epitome of the Notorial* and Methods employed In Brlckmaking and Pottery. 
Bt THE AUTHOR 0¥ "THE CHEMISTRY OF CLAYWOEKING," Ac. 
Gihbbal CoHTwn.— Materials used in Clayworking : Clays, Enrobes, Glases. Colours, 
Water, Fuel, Oils, and Lul rlcants.— The Preparation of the Clay. Mining and Quarrying. 
Weathering, Washing, Grinding. Tempering, and Pugging.— Machinery : Boilers. Engines, General 
Machinery, sieves. Mixing Machinery, Presse», Ac— Dryers and Drying.— Enrobing and Glaring. 
—Setting or Charging, Transport.— Kilns.- Firing.— Discharging, Sorting, and Packing.— Defects 
and Waste.— Tests, Analysis and Control.— BuLiooaarar.— Tablbs.-Iiidbx. 

"We can thoroughly recommend this handy little book to all our readers.*'- Brick and 
Pottery Trade»" Journal. 

10MD0N : CHARLES GRIFFIN ft CO., LIMITED, EXETER 8TREET, 8TRAMD 
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AUTHORISED ENGLISH TRANSLATION. 

In Large 8vo. Cloth. With about 150 Illustrations and 350 pages. 

A MANUAL OF 

THE PRINCIPLES OF SEWAGE TREATMENT. 

By Prof. DUNBAR, 

Director of the Institute of State Hygiene, Hamburg. 

Translated by HARRY T. CALVERT, M.Sc, Ph.D., F.I.C., 

Of the West Riding of Yorkshire Water Board. 

*»* Professor Dunbar presents the subject in a logical and thoroughly scientific 

manner, and deals, not only with German conditions, but also very largely with those 

•f this country and America, many of the admirable illustrations being English and 

American. __ 

Beautifully Illustrated, with Numerous Plates, Diagrams, and 
Figures in the Text. Sis. net. 

TRADES' WASTEi 

ITS TREATMENT AND UTILISATION. 
Handbook for Borough Engineers, Surveyors, Architects, and Analysts. 
By W. NAYLOR, F.O.S., A. M.Inst. O.E., 

Chief Inspector of River«, Ribble Joint Committee. 

CONTENTS.— I. Introduction.— II. Chemical Engineering.— III.— Wool De-greasing 
and Grease Recovery .—IV. Textile industries; Calico Bleaching and Dyeing.— vT Dyeing- 
and Oali co-Pr inting.— VI. Tanning and Fell mongery.— VII. Brewery and Distillery 
Waste.— Vm. Paper Mill Refuse.— IX. General Trades' Waste.— Ihdkz. 

"There is probably no person in England to-day better fitted to deal rationally with 
such a subject."— BrxtUh Sanitarian. 



In Handsome Cloth. With 59 Illustrations. 6s. net. 

SMOKE ABATEMENT. 

A Manual for the Use of Manufacturers, Inspectors, Medical Officers of 
Health, Engineers, and Others. 

By WILLIAM NICHOLSON, 

Chief Smoke Inspector to the Sheffield Corporation. 
Contents.— Introduction.— General Legislation against the Smoke Nuisance.— 
Local Legislation.— Foreign Laws.— Smoke Abatement.— Smoke from Boilers, Furnaces, 
and Kilns.— Private Dwelling- House Smoke. — ChimneyB and their Construction.— 
Smoke Preventers and Fuel Savers. — Waste Oases from Metallurgical Furnaces. — 
Summary and Conclusions.— Indbx. 

" We welcome such an adequate statement on an important subject."— British 
Medical Journal. 



Second Edition. In Medium 8vo. Thoroughly Revised and Re- Written. 

15s. net* 

CALCAREOUS CEMENTS: 

THEIR MATURE, PREPARATION, AND U8E8. 

With some Remnvk:« upon. Cement ÖEtosrtJLxagf« 

By GILBERT R. REDGRAVE, Assoc. Inst. C.E., 

Assistant Secretary for Technology, Board of Education, South Kensington, 

And CHARLES SPACKMAN, F.C.S. 

"We can thoroughly recommend it as a first-class investment." — Practical Engineer. 

LONDON : CHARLES GRIFFIN 4 P.O., LIMITED, EXETER STREET, 8TRAND. 
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With Fonr Folding Plates and Numerous Illustrations. Large 8vo. 
8s. 6d. net. 

WATER SUPPLY: 

A Practical Treatise on the Selection offhurces and the Distribution of Water. 
Bt REGINALD E. MIDDLETON, M.Inst. O.E., M.In8T.Mhjh.E., F.S.I. 

Abbxdoid CoHTKNm— Introductory.— Requirements as to Quality.— Requirements 
as to Quantity.— Storage Reservoirs.— Purification.— Service Reservoirs.— The Flow 
of Water through Pipes. — Distributing Systems. — Pumping Machines. — Speeia> 
Requirements. 

"As a companion for the student, and a constant referenoe for the technical man, we 
anticipate it will take an important position on the bookshelf."— Practical Engineer. 



In Large Crown 8vo. Fully Illustrated. In Two Volumes. 
Volume i. Fourth Edition. Price 7s. 6d. net. 
vv II. Third Edition. Ready Shortly. 

THE CHEMISTRY OF 

GAS MANUFACTURE : 

A Hand-Book on the Production, Pit ri float ion, and Testing of illuminating 
Qas, and the Assay of the Bye-Produots of Qas Manufacture, 

By W. J. ATKINSON BUTTERFIELD, M. A., F.I.C., F.O.S., 

formerly Head Chemist, Gas Works. Beckton, London, B. 
" The best wobk of its kind which we have ever had the pleasure of rev 
viewing."— Journal of Qas Lighting. 



With Diagrams and Illustrations. 5s. net. 

ACETYLENE: 

THE PRINCIPLES OF ITS GENERATION AND USE. 
By F. H. LEEDS, F.I.O., F.C.S., 

Member of the Society of Public Analysts and of the Acetylene Association; 

And W. J. ATKINSON BUTTERFIELD, M.A., F.I.C., F.C.S., 

Consulting Chemist, Author of " The Chemistry of Gas Manufacture." 
" Brimful of information."— Chem. Trade Journal. 

" We can thoroughly recommend the book to the manufacturer as a reliable work 
of reference, to the user as supplying valuable hints on apparatus and methods of 
procedure, and to the student as a safe and certain guide."— Aoetylene. 



Large 8vo. Handsome Cloth. Price 16s. net. 

FIRE AND EXPLOSION RISKS: 

A Handbook of the Detection, Investigation, and Prevention of Fires and Explosions. 

By Dr. VON SCHWARTZ. 

Translated from the Revised German Edition 

By 0. T. C. SALTER. 

Abbjudgid Gbhbral Cohmntb.— Fires and Explosions of a General Character — 

Dangers arising from Sources of Light and Heat.— Dangerous Gases.— Bisks Attending 

Special Industries. — Materials Employed. — Agricultural Products. — Fats, Oils, and 

Besins.— Mineral Oils and Tar.— Alcohol, Ac— Metals, Oxides, Acids, Ac.— Lightning 

Ignition Appliances, Fireworks. 

"The work affords a wealth of information on the chemistry of fire and kindred 
topics."— Fire and Water. 

" A complete and useful survey of a subject of wide interest and vital importance.»'— 
Oil and Colourman's Journal. 

LONDON- CHARLE8 GRIFFIN ft CO.. LIMITED, EXETER 8TREET, STRAND. 
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Thirteenth Edition, Thoroughly Revised. The Appendix on Sanitary 
Law being Entirely Re-Written for this Edition. Price 6s. 

PRACTICAL SANITATION: 

A HAND-BOOK FOB SANITARY INSPECTORS AND 0THER8 
INTERESTED IN SANITATION. 

By GEORGE REID, M.D., D.P.H., 

Ptlirm, Htm. CttmcO, and Examiner, SatdUrr InttUuU tf Gnat 3rUmtn, 
tmd MtJkal Offittr U tht SloforJMrt Cnmty CnmeO. 

TOttb an SppenDij on Sanitäre Xaw. 

By HERBERT MAN LEY, M.A., M.B., D.P.H., 

BurrisUr^at-Lavo. 

General Contents. — Introduction. — Water Supply : Drinking Water, Pollution of 
"Water.— Ventilation and Warmine.— Principles of Sewage Removal.— Details of Drainage ; 
Refuse Removal and Disposal.— Sanitary and Insanitary Work and Appliances. — Details of 
Plumbers' Work.— House Construction.— Infection and Disinfection.— Food, Inspection of; 
•Characteristics of Good Meat ; Meat, Milk, Fish, &c, unfit for Human Food.— Appendix : 
Sanitary Law ; Model Bye- Laws, <xc. 

" A VERY USEFUL HANDBOOK, with a very useful Appendix. We recommend it not only to SANITARY 
INSPECTORS, but to HOUSEHOLDERS and ALL interested in Sanitary Matters."— Sanitary Rectrd. 



In Handsome Cloth. With 53 Illustrations. 3s. 6d. net. 

LESSONS ON SANITATION. 

By JOHN WM. HARRISON, M.R.San.L, 

Mem. incor. Assoc. Mun. and County Engineers; Surveyor, Wombwell, Yorks. 

Contents.— Water Supply.— Ventilation.— Drainage.— Sanitary Building Construction.— 
Infectious Diseases. — Food Inspection. — Duties of an Inspector of Nuisances and Common 
"Lodging* Houses. — Infectious Diseases Acts. — Factory and «Workshop Acts. — Housing of 
the Working-Classes Act.— Shop Hours Acts.— Sale of Food and Drugs Acts. The Mar- 
garine Acts.— Sale of Horseflesh, &c, Rivers Pollution.— Canal Boats Act.— Diseases of 
Animals. — Dairies, Cowsheds and Milkshops Order. — Model Bye-Laws. — Miscellaneous. — 
Index. 

"Accurate, reliable, and compiled with conciseness and care." — Sanitary Record. 



Second Edition, Revised. In Crown 8vo. Handsome Cloth. Profusely 
Illustrated. 8s. 6d. net. 

SANITARY ENGINEERING: 

A Practical Manual of Town Drainage and 8ewage and Refuse Disposal, 

For Sanitary Authorities, Engineers, Inspectors, Arohltsots, 

Contractors, and Stutfsnts. 

By FRANCIS WOOD, A.M.Inst.CE., F.G.S., 

Borough Engineer and Surveyor, Fulham ; late Borough Engineer, Bacup, Lanes. 
GENERAL CONTENTS. 

Introduction. —Hydraulics.— Velocity of Water in Pipes.— Earth Pressures and Retaining 
Walls. — Powers.— House Drainage. — Land Drainage. — Sewers.— Separate System.— Sewage 
Pumping. — Sewer Ventilation. — Drainage Areas.— Sewers, Manholes, &c— Trade Refuse.— 
Sewage Disposal Works. - - Bacterial Treatment. — Sludge Disposal. — Construction and 
<Ueansing of Sewers. — Refuse Disposal.— Chimneys and Foundations. 

" The volume bristles with information which will be greedily read by those in need of assistance. The 
book is one that ought to be ou the booksheircs of every PRACTICAL ENGINEER. '-^Sawtftofy Journal 

•• A veritable POCKET COMPENDIUM of Sanitary Engineering. ... A work which may, la 
«nany respects, be considered as COMPLETE . . commbndably CAUTIOUS . . . INTERESTING 
. . . SUGGESTIVE."— Pmblic Health Engiftetr. 

LONDON: CHARLES GRIFFIN A CO., LIMITED. EXETER 8TREET, 8TRAND. 
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Vol. I. Now Ready. In Half Morocco, 24s. net. 

In Two Volumes, each complete in itself, 

PHYSICO-CHEMICAL TABLES 

FOR THE USE OF ANALYSTS, PHYSICISTS, CHEMICAL 
MANUFACTURERS AND SCIENTIFIC CHEMISTS. 

Volume I. — Chemical Engineering, Physical Chemistry. 
Volume IL— Chemical Physics, Pure and Analytical Chemistry. 

[ShorUy. 

By JOHN CASTELI^EVANS, F.I.C., F.C.S., 

Lecturer on Inorganic Chemistry and Metallurgy at the Finsbury Technical College. 

The Tables may almost claim to be exhaustive, and embody and collate all the most 
recent data established by experimentalists at home and abroad. The volumes will be 
found invaluable to all engaged in research and experimental investigation in Chemistry and 
Physics. 

The Work comprehends as far as possible all bulbs and tables required by the 
Analyst, Brewer, Distiller, Acid- and Alkali-Manufacturer, &c, &c ; and also the prin- 
cipal data in Thbrmo-Chrmistry, Elbctro-Chrmistry, and the various branches off 
Chemical Physics. Every possible care has been taken to ensure perfect accuracy, and 
to include the results of the most recent investigations. 



Second Edition. In Large Svo. Handsome Oloth. Beautifully 
Illustrated. With Plate» and Figure» in the TexL 

Road Making and Maintenance: 

A PRACTICAL TREATISE FOB ENGINEERS, 
SURVEYORS, AND OTHERS. 

With an Historical Sketch or Anoient and Modern Pbactiob. 
By THOS. AITKEN, Assoc. M.Inst.O.E., 

Member of the Association of Municipal and County Engineers ; Member of the Sanitary 
Inst ; Surveyor to the County Council of Fife. Cupar Division. 

WITH NUMEROUS PLATE8, DIAQRAM8, AMD ILLU8TRATI0N8. 

Contents. — Historical Sketch. — Resistance of Traction. — Laying out 
New Roads. — Earthworks, Drainage, and Retaining Walls. — Road 
Materials, or Metal. — Quarrying. — Stone Breaking and Haulage. — Road- 
Rolling and Scarifying. — The Construction of New, and the Maintenance 
of existing Roads. — Carriage Ways and Foot Ways. 

""The Literary style is bxcbxlbht. . . . A coxfbbhbhbivb and HZGBLuarf Modern Book, an 
VF-TO-DAn work. . . . Should be on the reference shelf of every Municipal and County 
Engineer or Surveyor in the united Kingdom« and of every Colonial Engineer."— Th* Surveyor. 

LONDON: CHARLE8 GRIFFIN « CO., LIMITED, EXETER 8TREET, STRAND. 
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In Large 8vo. Handsome Cloth. Profusely Illustrated. 
A COMPREHENSIVE TREATISEJ.ON 

COLOUR MANUFACTURE. 

Comprising the Manufacture, Investigation, and Practical Application of 
Colouring Matter. 

By GEORGE ZERR and Dr. R. RUBENKAMP. 
Translated bt Db. C. MAYER, of Burgdorf. 



Fourth Edition, Revised and Enlarged. With Illustrations. 12s. 6cL 

PAINTERS' COLOURS, OILS, AND VARNISHES : 

A PRACTICAL MANUAL. 

By GEORGE H. HURST, F.C.S., 

Mother of the Society of Chemical Industry : Lecturer on the Technology of Painters' 
Colours, Oils, and Varnishes, the Municipal Technical School, Manchester. 

General Contents.— Introductory— The Composition, Manufacture, 
Assay, and Analysis of Pigments, White, Red, Yellow and Orange, Green, 
Blue, Brown, and Black— Lakes— Colour and Paint Machinery— Paint Vehicles 
(Oils, Turpentine, ftc, &c. }— Driers— Varnishes. 

" A thoroughly practical book, ... the only English work that satisfactorily 
treats of the manufacture of oils, colours, and pigments."— Chemical Trades' J o urnal 



In Crown 8vo. Handsome Cloth. With Illustrations. 5s. 

THE PAINTERS LABORATORY GUIDE. 

A Student's Handbook of Paints, Colours, and Varnishes. 

By GEORGE H. HURST, F.C.S., M.S.C.I. 

Abstract of Contbhts. — Preparation of Pigment Colours. — Chemical Principles 
Involved. — Oils and Varnishes.— Properties of Oils and Varnishes. — Tests and Experiments. 
—Plants, Methods, and Machinery of the Paint and Varnish Manufactures. 

"This excellent handbook, ... the model of what a handbook should be."— Oils, 
Colours^ and Drysalteries. 

Third Edition, Revised. In Crown 8vo. extra. With Numerous Illustra- 
tions and Plates (some in Colours), including Original Designs. 12s. 6d. 

Painting and Decorating: 

A Complete Practical Manual for House 
Painters and Decorators. 

By WALTER JOHN PEARCE, 

LBOTURER AT THE XAHCRBflTRR TBCHMICJLL SCHOOL VOR HOUSK-PAQfTrjffa AMD DBOORAHKO 
"A THOROUGHLY USEFUL BOOK . . . GOOD, SOUND, PRACTICAL INFOR- 
MATION in a clear and concise form."— Plumber and Decorator. 

" A THOROUGHLY GOOD AND RELIABLE TEXT-BOOK. . . . So FULL Süd 

COMPLETE that it would be difficult to imagine how anything further could be 
added about the Painter's craft"— Builder? Journal. 

LONDON: GHARLE8 GRIFFIN ft CO., LIMITED. EXETER 8TREET, STRAND. 



CHEMISTRY AND TECHNOLOGY. 8» 

Second Edition. In Large 8vo. Handsome Cloth. With 4 Plates 
and Several Illustrations. 16s. net. 

THE CHEMISTRY OF INDIA RUBBER. 

A Treatise on the Nature of India Rubber, Its Chemical and Physical Examina- 
tion, and the Determination and Valuation of India Rubber Substitutes. 

Including the Outlines of a Theory on Vulcanisation. 
By CARL OTTO WEBER, Ph.D. 

" Replete with scientific and also with technical interest. . . . The section on physical 
properties is a complete rintmi of every thing known on the subject." — India-rubber Journal* 



In Large Crown 8vo. Fully Illustrated. 5s. net. 

GLUE, GELATINE, 

AND THEIR ALLIED PRODUCTS, 
A Practica/ Handbeck for the Manufacturer, Agriculturist, and Student of Technology* 

By THOMAS LAMBERT, 

Analytical and Technical Chemist. 

Contents.— Historical- — Glub. — Gblatine.— Size and Isinglass.— Treatment ol Efflu- 
ents produced in Glue and Gelatine Making.— Liquid and other Glues, Cements, &c— Uses 
of Gtue and Gelatine. — Residual Products.— Analysis of Raw and Finished Products.— 
Appkmdix.— Index. 

"A sufficient account of modern methods of working, chiefly from a practical standpoint. 
A book . . . of real value. n — Chemical News. 



In Large 8vo. Handsome Cloth. Fully Illustrated. 15s. net. 

XiSBü/TEEBR TRADES' CHEMISTRY. 

A Practical Manual on the Analysis of Materials and Finished Products. 

By S. R. TROTMAN, M.A., F.I.C., 

Public Analyst for the City of Nottingham, Member of the International Association 

of Leather Trades' Chemists. 

Synopsis of Contents.— Standard Solutions.— Acids, Alkalies, &c.— Water.— Depilation- 

and DeUming.— Fleshings, &c— Glue.— Spent Liquors.— Mineral and Vegetable Tanning 

Agents.— Oils.— Soaps.— varnishes.— Skin.— Leather. — Dyestuflfs.— Degreasing Agents.— 

Effluents.— Glossary.— Indzx. 



In Medium 8vo, Handsome Cloth. Fully Illustrated. 12s. 6d. net. 

PAPER TECHNOLOGY! 

AN ELEMENTARY MANUAL ON THE MANUFACTURE. PHYSICAL QUALITIES,. 
AND CHEMICAL CONSTITUENTS OF PAPER AND OF 
PAPERMAKINO FIBRES. 
With Selected Tables for Stationers, Publishers, and Others. 
By R. W. SINDALL, F.C.S. 
Contents.— Introduction. — Technical Difficulties relating to Paper.— Rag Papers. — 
Esparto,Straw, Notes on Beating — Wood Pulp.— Wood Pulp Papers.— Packing Papers — 
"Art" Papers.— The Physical Qualities of Paper.— The Chemical Constituents of Paper. 
—The Microscope.— Fibrous Materials used in Paper • making —Analysis of a Sheet of 
Paper.— The C.B.S. Units. —Cellulose and its DerWatnres.— History, Chronology, and 
Statistics.— Dictionary of Chemical Terms.— Glossary.— City and Guilds Questions.— 
Indkx. 
*" Exceedingly instructive and particularly useful/'— Paßer Maker* Monthly Journal, 



In Large 8vo. Handsome Cloth. With Plates and Illustrations. 7s. 6d. net. 

THE MANUFACTURE OP INK. 

A Handbook of the Production and Properties of Printing, Writing, and Copying Inks, 
By C A. MITCHELL, B.A., F.I.C, F.C.S., & T. C HEPWORTH. 

"Thoroughly well arranged . . . and of a genuinely practical order. "—British Printer. 

LONDON: CHARLE8 GRIFFIN ft CO., LIMITED, EXETER STREET, 8TRAND. 



$2 OHARLES GRIFFIN <fr OO.'S PUBLICATIONS. 

THE TEXTILE INDUSTRIES. 



Second Edition, Thoroughly Revised Throughout. In Two Large 
Volumes. Handsome Cloth. 

A MANUAL OP DYEINGs 

fOR THE USE OF PRACTICAL DYERS, MANUFACTURERS, 8TUDENT8, 
AMD ALL INTERESTED IN THE ART OF DYEING. 

E. KNECHT, Ph.D., F.I.C., CHR. RAWSON, F.I.C., F.C.S., 

■sad of the CbamJstiT and Drain« Department of Late Head of the Chemistry «ad Dyeing Deparfanent 
«ha Taohnloal School, ManohestaK Bdltor of «*Tbe of the Technical Cottage, Bradford ; Member 
Jonmalof thaBodaty of DyanandColourürti;" Council of the Society ofDyeiB and OoUutt* 

And RICHARD LOEWENTHAL, Ph.D. 

General Contents.— Chemical Technology of the Textile Fabrics— 
Water— Washing and Bleaching — Acids, Alkalies, Mordants— Natural 
Colouring Matters— Artificial Organic Colouring Matters— Mineral Colours 
—Machinery used in Dyeing — Tinctorial Properties of Colouring Matters — 
Analysis and Valuation of Materials used in Dyeing, Ac., ftc 

" This authoritative aod exhaustive work ... the von oomplbtb we have yet sen 
<m the subject"— ftxttte Mamtfaetwer. 



In Large 8vo, Handsome Cloth. Pp. i-xv + 40S. 16s. net. 

THE SYNTHETIC DYESTUFFS, 

AND 

THE INTERMEDIATE PRODUCTS FROM WHICH THEY ARE DERIVED. 

By JOHN CANNELL CAIN, D.Sc. (Manchester and Tübingen), 
Technical Chemist, 

And JOCELYN FIELD THORPE, Ph.D. (Heidelberg), 

Lecturer on Colouring Matten in the Victoria University of Manchester. 

Part I. Theoretical. Part II. Practical. Part HI. Analytical. 

" We have no hesitation in describing this treatise as one of the most valuable books 

that has appeared. . . . Will give an impetus to the study of Organic Chemistry 

generally.* 1 — Chemical Trade Journal. 



Companion Volume to Knecht <& Rawson's " Dyeing. 9 * In Large Svo. 

Handsome Cloth, Library Style. 16s. net. 

A DICTIONARY OF 

DYES. MORDANTS. & OTHER COMPOUNDS 

USED IN DYEING AND CALICO PRINTING. 

With Formula, Properties, and Applications of the carious substances described, 

and concise directions for their Commercial Valuation, 

and for the Detection of Adulterants. 

By CHRISTOPHER RAWSON, F.I.O., F.C.S., 

Consulting Chemist to the Behar Indigo Planters' Association ; Co-Anthor of " A Manual 

of Dyeing;" 

WALTER M. GARDNER, P.O.S., 

Head of the Department of Chemistry and Dyeing, Bradford Municipal Technical College; 
Editor of the " Joura. 800. Dyers and Colourists ; " 

And W. F. LAYOOOK, Ph.D., F.O.S., 

Analytical and Consulting Chemist. 
44 Turn to the book as one may on any subject, or any substance in connection with the 
trade, and a reference is sure to be found. The authors have apparently left nothing out** 
—Textile Mercury. 

LONDOM: CHARLE8 GRIFFIN ft CO.. LIMITED. EXETER STREET, 8TRAN0L 



THE TEXTILE INDUSTRIES. 83 

In Crown 8vo. Cloth. With Numerous Illustrations. 

THE COTTON WEAVERS' HANDBOOK. 

A Practical Guide to the Construction and Costing of Cotton Fabrics, 
with Studies In Design. 

By HENRY B. HEYLIN, 

Of the Royal Technical Institute, Salford. 

Large 8vo. Profusely Illustrated with Plates and Figures in the Text. 

16s. net. 

THE SPINNING AND TWISTING OF LONG 
VEGETABLE FIBRES 

(FLAX, HEMP, JUTE, TOW, & RAMIE). 

A Practical Manual of the most Modern Methods as applied to the Hackling, Carding, 
Preparing, Spinning, and Twisting of the Long Vegetable Fibres of Commerce. 

By HERBERT R. CARTER, Belfast and Lille. 
Giotdull Contents.— Long Vegetable Fibres of Commerce.— Rise and Growth of 
the Spinning Industry-— Raw Fibre Markets.— Purchasing Raw Material.— Storing and 
Preliminary Operations.— Hackling.— Sorting.— Preparing.— Tow Carding and Mixing.— 
Tow Combing.— GUI Spinning.— The Roving Frame.— Dry and Demi-sec Spinning.— Wet 
Spinning.— Spinning Waste.— Yarn Reeling.— Manufacture of Threads. Twines, and 
Cords.— Rope Making.— The Mechanical Department.— Modern Mill Construction. - 
Steam and water Power.— Power Transmission. 

" Meets the requirements of the Mill Manager or Advanced Student in a manner 
perhaps more than satisfactory. . . . We must highly commend the work as repre 
sentlng up-to-date practice."— Nature. 



In Large Svo f Handsome Cloth, with Numerous Illustrations, 9«. net 

TEXTILE FIBRES OF COMMERCE. 

A HANDBOOK OF 

The Occurrence, Distribution, Preparation, and Industrial 

Uses of the Animal, Vegetable, and Mineral 

Products used in Spinning and Weaving. 

By WILLIAM I. HANNAN, 

Lecturer on Botany at the Ashton Municipal Technical School, Lecturer on Cotton 
Spinning at the Ohorley Solenoe and Art School, Ac 

With Numerous Photo Engravings from Nature. 

M UasFDL InroaiUTioN. . . . Admxrablb Illustrations. . . . The information 
is not easily attainable, and in its present convenient form will be valuable. "—Textile 

In Large 8vo, with Illustrations and Printed Patterns. Price 21s. 

TEXTILE PRINTING: 

A PRACTICAL MANUAL. 
Including the Processes Used In the Printing of 
COTTON, WOOLLEN, SILK, and HALF- 
SILK FABRICS. 
By C. F. SEYMOUR ROTHWELL, P.C.S., 

Mem. 80c. of Chemical Industrie»; late Lecturer at the Municipal Technical School, 

Manchester. 
" By jul thb bist and mobt practical book on tbxtilb panrrnfa which has yet been 
brought out, and will long remain the standard work on the subject It ia essentially 
practical in character.**— textile Mercury. 

44 Tub most pbaotxoal kahual of tbxtilb PBurrato which has yet appeared. We have 
no hesitation in recommending it**— The Textile Manufacturer. 

LONDON: CHARLE8 GRIFFIN ft CO.. LIMITED. EXETER 8TREET. 8TRAND, 



«4 CHARLES ORIPFIN <fr 00. % S PUBLICA TI0N8. 

Large 8vo. Handsome Cloth. 12b. 6d. 

BLEACHING & CALICO-PRINTING. 

A Short Manual for Students and 
Practical Men. 



By GEORGE DUERR, 

jaching, Dyeing, and Print 

Technical Schools ; Chemist and i 



Director of the Uleaching, Dyeing, and Printing Department at the Accrlngton and Bacop 
-_-._-.„. --w ;s» — . _ n o^nri^it the Irwell Print Works. 



Assisted bt WILLIAM TURNBULL 
(of Tnrnbnll A Stoekdale, Limited). 

With Illustrations and upwards of One Hundred Dyed and Printed Patterns 
designed speoially to show various Stages of the Processes described. 

GENERAL CONTENTS. -Cotton, Composition' of; Bleaching, New 
Processes; Printing, Hand-Block; Flat-Press Work; Machine Printing-- 
Mordantb— Styles ojt Calico-printing : The Dyed or Madder Style, Resist 
Padded Style, Discharge and Extract Style, Chromed or Raised Colours, 
Insoluble Colours, ftc — Thickeners — Natural Organic Colouring Matters 
—Tannin Matters — Oils, Soaps, Solvents —Organic Acids— Salts— Mineral 
Colours — Coal Tar Colours— Dyeing— Water, Softening of— Theory of Colours 
— Weights and Measures, &c 

" When a uady way out of a difficulty ia wanted. It is is books lixs this that it la found."— 
Tntüe Btöordtr. 

"Mr. Duuml's woax will be found most uewül. . , . The information given la of essAt 
▼alub. . . . The Keclpet are iHoaouoHtT ?aAOTiOJLL."— Text«« Jlfa»HAnK«*^r. 



At Press. In Handsome Cloth. With 7« Illustrations. 

DYEING AND GLEANING. 

By FRANK J. FARRELL, M.Sc, <fec. 

General Contents.— Technology of the Textile Fibres. — Dry 
Cleaning. — Wet Cleaning. — Dyeing. — Dry Dyeing. — Special Methods, 
Cleaning and Dyeing Skin Rugs, Feathers, and Hats.— Finishing.— 
Appendices. — Index. 

This practica/ and exhaustive handbook will be found of unusual 
value to those engaged in or interested in the art of Dyeing and 
Gleaning. 

LONDON: CHARLES GRIFFIN A CO., LIMITED, EXETER STREET STRAND. 



INTRODUCTORY SCIENCE SERIES. 85 



"BOYS OOULD HOT HAVE A MORI ALLUMH« JJITRODÜOTIOBI to scientific pursuits 

1 these charming-looking volumes."-- Letter to the Publishers from the Head- 
of one of our great Public School*. 

Handsome Cloth, 7s. 6d. Gilt, lor Presentation, 80. 6d. 

OPEMUt STUDIES I|i BOTJUIY: 

SKETCHES OF BRITISH WILD FLOWERS 

DT THEIR HOMES. 
By R. LLOYD PRAEGER, B.A., M.R.I.A. 

Illustrated by Drawings from Nature by S. Rosamond Praeger, 
and Photographs by R. Welch. 
Genkbal Contents. — A Daisy-Starred Pasture— Under the Hawthorne . 
—By the River— Along the Shingle— -A Fragrant Hedgerow— A Connemara 
Bog— Where the Samphire grows— A Flowery Meadow— Among the Corn 
(a Study in Weeds)— In the Home of the Alpines— A City Rubbish-Heap— 
Glossary. 

"A vbbbh AMD smnJLATnre book . . . should take a high plaoe . . . Hie 
Illustrations are drawn with mach sHU."— TOe Timea. 

" BMAUTUULLT ILLÜSTBATKD. . . . One of the MOST AOOUKAOI at well at 
OCTBasTnie books of the kind we hare seen."— Atkenmum. 

"Redolent with the »cent of woodland and meadow."— Jfa Standard. 



With 12 Full-Page Illustrations from Photographs. Cloth. 
8econd Edition, Revised.. 8s. öd. 

OPEfl-AIR STUDIES If! GEOLOGY: 

An Introduction to Geology Out-of-doors. 
By GRENVILLE A. J. OOLE, P.G.S., M.R.I.A., 

Professor of Geology In the Boyal College of Science for Ireland, 
and Examiner In the University of London. 

General Content*.— The Materials of the Earth— A Mountain Hollow 
—Down the Valley— Along the Shore— Aoross the Plains — Dead Volcanoes 
—A Granite Highland— The Annals of the Earth— The Surrey Hills— The 
Voids of the Mountains. 

"The FAsciHATxvQ 'Ofbh-Ai* studies' of Pbov. Oolh five the subject a glow or 
animation . . . cannot fall to arouse keen interest in geology."— Geological Magask*. 

" A oHAwmro book, beautifully illustrated." -4<A*»JMm. 



Beautifully Illustrated. With a Frontispiece in Colours, and Numerous 
Specially Drawn Plates by Charles Whymper. 7s. 6d. 

OPEH-AIR STUDIES If) BIRD-LIFE: 

SKETCHES OF BRITISH BIRDS IN THEIB HAUNTS. 

By CHARLES DIXON. 
The Spacious Air. — The Open Fields and Downs.— In the Hedgerows. — On 
Open Heath and Moor.— On the Mountains.— Amongst the Evergreens. — 
Copse and Woodland.— By Stream and P00L— The Sandy Wastes and Mud- 
flats.— Sea-laved Rocks.— Birds of the Cities.— Index. 

"Enriched with excellent illustrations. A welcome addition to all libraries."— Wut* 
minsttr Rtvirw. 

tONDON: GHARLE8 GRIFFIN t CO., LIMITED, EXETER 8TREET. 8TRANB 



86 CHARLES GRIFFIN A OO.'S PUBLICATIONS. 

Twenty-fourth Annual Issue. Handsome oloth, 7s. 6d. 
(To Subscribers, 6s.). 

THE OFFICIAL YEAR-BOOK 

or TUB 

SCIENTIFIC AND LEARNED SOCIETIES OF GREAT BRITAIN 
AND IRELAND. 

OOMPILKD FROM OFFICIAL 8OUROB8. 

Oompriging {together with other Official Information) LIST8 of the 
PAPER8 read during the 8eeeion 1906-1907 before all the LEADING 
80CIETIE8 throughout the Kingdom engaged in the following Depart- 
ment* of Research :— 



1 1. Science Generally : is., Societies occupy- 
ing themselves with several Branches of 
Science, or with Science and Literature 
Jointly. 
Lathematics and Physics. 



jointly, 

Is. Mathemi 

ft. Chemistry and _--.-— 

f 4- Geology, Geography fand ftfaeralogy. 

I $. Biology* including Microscopy mm» An- 
thropology. 



I 6. Economic Science and Statistics. 

j 7. Mechanical Science, Engineering, and 

Architecture 
I 8. Naval and Military Science. 
i 9. Agriculture and Horticulture, 
fio. Law. 
| xz. Literature 
|xa. Psychology. 
f 13. Archeology. 



514. Mbdicinr. 



"Fills a very real want." — Engineering. 

" Indispensable to any one who may wish to keep himself 
abreast of the scientific work of the day." — Edinburgh Medical 
Journal. 

" The Yiaz-Book or Socktibs is a Record which ought to be of the greatest use for 
the progress of Science." — Lord Plaxfoir, F.R.B., K.C.B n M.P., Past-President eftkt 
British Axtceiatum.. 

"It goes almost without saying that a Handbook of this subject will be in time 
one of the most generally useful works for the Horary or the desk."— Tht Timet. 

" British Societies are now weu repreasi.tea In the 'Yearbook of the Scientific and 
Learned Societies of Great Britain and Ireland.' "—(Art. "Societies" in New Edition of 
"Encyclopedia Britannica," vol. xxii.) 



Copies of the First Issue, giving an Account of the History, 
Organization, and Conditions of Membership of the various 
Societies, and forming the groundwork of the Series, may still be 
had, price 7/6. Also Copies of the Issues following. 



The YKAR-BOOKorsociKTiBs forms a complete indbx to the scientific work of the 
sessiona^yea^ntnevanou^Uepartments. It is used as a Handbook in all our great 
Scientific Cintkbs, Museums, and Libraries throughout the Kingdom, and has become 
an IMPI5PBNSABLB book or RHFBRBNCB to every one engaged in Scientific Work. 

READY IN OCTOBER EACH YEAR. 

LONDON: GHARLE3 GRIFFIN A CO., LIMITED, EXETER 8TREET. STRAND. 
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This book may be kept 

FOURTEEN DAYS 

A fine of TWO CENTS will be charged 
for each day the book is kept overtime. 
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